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B ocuoey orofi KHrrrrr roro)(eHbr pe3yrbrarbr MHoforerHero r.r3yqeHr4fl
aBropoM reoxl4Ml4rr roA3eMHbrx no4 foHeuKoro nporvla v fluenponcKo-
Aoueuxofi snarvHbr, Koropbre -qBrflrorcfl cocraBHbrMr4 qacrflMn reororuqe-
cxofi crpyKrypbr nepBoro rropqAKa r43BecrHofi r<ar luenponcr<o-/{oueqxufr
aBraKoreu (naneopuQr), {ouo-lHenpoBcxr.rfr upo ru5 nny llponrd Eo,uruc-
ro loHdacca. Pa:uoo6pa3ve rrore3Hbrx r4cKorraeMbrx, corep)Karrrr4xcfl B He-
Apar perl4oHa I,I 3aJreraroulr4x Ha pa3rr4r{Hbrx rry6lruax 3acraBrrer rrrr4poKo
I{cnorb3oBarb pa3rnr{Hbre Merotrbr r{x ilor{cKoB 14 rrporHo3r4poBarvrfl. Cpeelr
Hux rl4rporeoxl{Ml{rrecKufi uero4, KaK oAr{H uz uav6oJree rny6nHHbrx, r4Me-
er BaxHefiruee 3HaqeHr4e.
llocxomxy reorrofr.rqecKfie flpoueccbr [paKTr4r{ecKr.r He rrpoucxorflr
5e: yvacrl4fl BoAbr, ee xrlMr4qecxnfi cocraB flBrrercfl BecbMa rau$opu arvB-
HbIM rIpI43HaKoM npn nporHo3r4poBaHur{ cKpblrbrx }r rry'6oxo3arerarorurix
pyrHbrx LI HepyAHbrx Mecropo>r<Aeuufi nore3Hbrx HcKofraeMbrx. llo:rouy 6e:
H3yqeHzfl XIIMHT{eCKO|O COCTaBa nOI3eMHbrX BOA 14 feOX}rMr4qeCKrrX IIpOUeC-
coB, rlpol4cxolflrurrx B seN{Hofr Kope flpu ux HenocpetrcrBeHHoM yqacrLrr4,
HeBO3MO)KHO peureHrre MHOfrrX r,r3 OfpOMHOfO KOIUqeCTBa HayrrHbrx r,r frpaK-
Tr4qecKr4x 3alaq,, cTo.flruHx cefoAHfl |Iepex feorofaMr4.
K coNareHl4ro' 3a Aorfue roAbr r4ccreAoeauufi n YxpauHe He cro)Kr4-
rocb coScreeHuofi rr4AporeoxuMr4r{ecxoft rrrKoJrbr. OrAersHrre Borrpocbr
reoxl{Mrrn noA3eMHbrx BoA ocBeilIanr{cb B paSorax A.E. Ea6raHua , W.@.
Bonxa, B.I4. Lflrsxo tr Apyrr4x r4ccJreAoearerefi? Ho ueJrbHoro, o6o6rqalorue-
ro rpyra, noAo6noro erofr KHr4re? y Hac erue suxorAa He r{3Aaearoc;. Ae-
Top, r{crlorb3yfl orpol,rHrrfi cpaxruuecxufr Marepzar:, MHoror{r4creHHbre :Kc-
nepHMeHTaIbHbIe AaHHbre, pe3yrbTaTbr pea[u3aur4r4 [paKTurrecKnx peKo-
MeHtraquit, a raxlKe oreqecrBeHHstit u sapySe>xHsrfi o[brr!, crpeMr{rc.q ortr4-
carb pa3rr4lrHue Qaxropbr 14 npoueccbr, ilpor4cxoA.flu{He B cro)r{Hofi reoxn-
Mr4lrecKofi cncrenre "Boga - [opora - fa3 - )ItHBoe BetuecrBo" I4 Aarb o5r-
tcHeHI4e feolofr4qecKHM flBJIeHI{.f,M, IIpOI4CXOAflUIT4M C yr{aCTI4eM [OA3eN,r-
HsIX BoA. llpuueu Hapflxy c [orpo6uuu paccMorpeHr4eM reoxr4Mr4lrecKnx
npoqeccoB, oH He rorbKo He Soutcs AaBarb orBerbr Ha AzcKyccrroHHbre Bo-
rlpocbr, Ho [r 3arparr4Baer HoBbre, erud Her43BecrHbre, npoSlenlsr.
OcHoeHoe BHr4MaHr{e B MoHorpat^ yAeJreHo reoxr4Mr4r4 cneur4$rzue-
CKI4X fLIAPOTCOIO|I4I{CCKIIX CTPYKTYP - 3OHAM TCKTOHIILICCKHX PA3IOMOB.
)ru, rl4Aporr4HaMnr{ecKr4 orKpbrrbre crpyKTypbr 3eMHofi xopu prMeror Bax-
sefiruee 3HaqeHr4e rrfl rr4AporepMarbHoro pyAofeHe3a, rocKoirbKy rro Hr4M
6
rpoi{cxolr{T BocxoAflulafl pa3fpy3Ka Mr4Heparoo6pa3yrotul4x pacrBopoB B
BepxHr4e crrou 3eMHofi Kopbr.
Ha o cuoB e Motre Jrr4p oB aH krfl. Lr p e3yJrbraroB rtp aKTI4LIecKI,IX uccreAo B a-
ttui.r B.f. Cyxpxo y6e4ureJrbHo AoKa3brBaer, Lrro cSopnrrapoBaBrxr.recr B
ilp eleJrax pa3JroMHbrx crpyKryp f r4ApoTepMarbHbre cHcreMbr ilp eAcraBr-qror
nau6orsuntfr r4HTepec Ar-q u3yqeHvrfl, nocKoJrbKy Borbr, ur4pKyJrr{pyrcuze B
Hr,rx, olreHb r{acTo HMeroT xapaKTepHbre [prr3HaKrr ApeBHr4x fr4ApoTepMarb-
Hbrx pacrBopon. Teoperur{ecKoe o6ocuoBaHr4e 3Tofo rroroxeHrrfl no3Bo"rrr{ro
eMy pa3pa6orarb HoBoe HayrrHoe Ha[paBJreHpre B coBpevesuofi rr,rAporeo-
xr4uvrvr, Koropoe Moxer 6srru cSopnryrr4poBaHo KaK "reoxkrukrfl rro/x3eMHbrx
Bor rr{AporepMarbHbrx cucreM".
3ra xHnra - nepBafl MoHorpacpux rro rror4crcosofi rrrAporeoxunrupr Vx-
par,rHbr. HanncaHa oHa Ha BbrcoKoM rrpo$ecctrouaJrbHoM ypoBHe, "xuBbrN'r"
fl3brKoM 14 no3ToMy refKo qnraercfl. 3uaqurerbHafl rlacrb ee ilocB-flrueHa
KOHKpeTHbTM [paKTr4rrecKr4M peKoMeHAaurr_sM fro rror4cKaM r4 npofHo3npoBa-
Hr,rrc MecropoxrAeuufi rroJre3Hbrx 4cKonaeMbrx, qro rro3Borrfler HaAeflTbcfl Ha
r4HTepec r sefi He roJrbKo co cropoHbr reoxr4Mr,rKoB, rrrAporeororoB, ru,rApo-
reoxr{MuKoB, reororoB, Ho r{ c[euuarrrrcroB, r{HTepecyrcunxcfl pa3pa6orxorZ
Mr4HeparbHo-cbrpbeBbrx pecypcoe Vxpauurr.
{oxrop reorr.-Mr{H. HayK, 3aB. orAeroM feororlrr4 14 feoxkrl.rrvrvr
pyrHbrx MecropoNAeuufi I4|MP HAH VxpauHu,
npo {leccop Kraeeo-Morlrrsucxofi aKa.{eM}rr,r
B.H.3aruurxo
BBEtrEHUE
feoxuuzqecKlre ocoSeuuocrr4 iloA3eMHbrx Botr onpeAerflrorc.fl rrpo-
ueccaMr4, rrporeKarourr4Mr4 B 3eMHofr xope. OcaAxouaKorrJreHvre v reKTore-
He3, MafMarr43M H Mr4Hepanoo6pasoBaHrre, a raK)Ke uem,rfi pqA Apyrrax Sax-
TopoB oKa3brBaror caMoe aKTrrBHoe no:4eficrBr4e Ha xuuzqecxprfi cocraB
rToA3eMHbrx BoA, rcoropr,rfi no o6pa3HoMy Btrpa)KeHnro A.M. OeqHHHrrKoBa
(1948), "...orpaxaer reoJrorr,rqecKyro r{cropnrc perr{oHa". B ro xe BpeMfl,
SraroAapx Bo3Mox{Hocrr4 Haxorr4Tbcs B rpex Susuuecrzr cocro-flHr4flx
TBepAoM, )Kr4trKoM n rasoo6pa3HoM, ssrcoKofi rrpoHr.rKarouefi cnocoSsocrvr kr
xr4Mr.{qecxofi axruBHocrr4, BoIa yqacrByer Bo Bcex reororr.rlrecKux npeo6pa-
3oBaHn-flx. lloeroMy poJrb BoAbr n (ropuapoBaHr4r4 u pa3pyrrelurvi Mr4HeparoB
r4 ropHbrx nopoA orpoMHa, a ee xr{Mr{r{ecxzfr cocraB flBrfl.ercfl ea}KHefirunN{
KpHTepueM ilporHo3r4poBanvrfl { rror{cKoB MecropoxAeHafr nore3Hbrx r{cKo-
naeMbrx. ZueHuo B TaKoM acrreKTe aBTop paccMarpr4Baer [oA3eMHbre Botrbr
B o croqHofr .racru NHenp oe cr<o -/lo HeuKoro aB JraKoreHa.
Z:yueuue reoxuwrrrr noA3eMHbrx BoA r4Meer Balr{Hoe 3HaqeHr4e B r4c-
cJleAoBaHr4r{ HeAp. 3axouoMepHocrrr r3MeHeHr4q rrx xrrMrrqecKoro cocraBa B
pa3rr4r{Hbrx reoJIofrrLIecKHX ycroB}rrx rexar B ocHoBe [petrcrag,TeHufr o
npoueccax, npor4cxoAflulr4x B 3eMHofi xope, cpeAr{ Koropbrx: o6pa:oBaHae H
BbrBerprrBaHr.re Mr4HepaJroB rr ropHbrx nopoA, pa3fpy3Ka rty6uHHbrx $ruoH-
roB, aHTponoreHHoe 3arpfl3HeHr4e rr4ApocQepsr r MHorHe Apyrr4e.
/[Henponcxo-foHeuxufi aBraKoreH - KpynHeias:ptit yrolrurrfr, core-
Hocssrii. ueSre-ra3oHocHstit tt pyloHocssrfr perr{oH VxparaHrl, B KoropoN{
iloA3eMHbre BoAbr -f,Br-f,rorcq, c olHofi cropoHbr, Ba)KHbrrr draxropoM Sopnlu-
poBaHHfl 6orr,uruHcrBa MecropoxAennfi [ore3Hbrx rrcKonaeMbix, a c .qpyrofi
ueHHbrM r.rcror{Hr4KoM xos-flfrcrBeHHo-nl{TbeBofo BoAocHa6NeHu.a, 5aru-
HeorornlrecKr4M, 3Heprerr4qecKnM 14 xr,rMr{Ko-cbrpbeBbrM pecypcoM. fIo:-
ToMy uccreAoBaHl4e reoxltMl{r{ecKr,rx ocoSeHsocrefi rroA3eMHbIX BoA Boc-
roqHofr qacru [ueuponcrco-loHerlKoro aBJraKoreHa HailpaBrleHo Ha pa3-
pa6orrcy peKoMeH garyvi't, ueo6xolrrMbrx Arfl rroBbuueHufl ocp$exruBHocrr4
reolrorr4qecKr4x paSor 14 pa3Br,rrr4fl rrpoMbrrrrreHHoro rloreHul4ara VxparzHst.
flpe4raraeMar MoHorpaQu.a pacclrr4raHa Ha rrrnpoxrafi xpyr qnrarerefr
- fl4lpofeolofoB, feoxzMl{KoB, feoJ'IofoB, feo3KoJlofoB,, a TaK)Ke acilvpaH-
ToB 14 cryreHToB feorrorr4r{ecKr4x Sar<ynmeroB Bbrcrrrr4x yueSnrx 3aBe.qe-
nwfi,. Or-ra Molr{er ilpeAcraBrqrb r4HTepec v Arrfl npoMrIIUrIeHHI,IKoB, I4HTepe-
cyrcuuxcs pa3paSorxoil pa3rarrHbrx BlrAoB rrorre3Hblx r{cKonaeMblx B pe-
TI, IOHC.
B
Aerop [rr4poKo r4crrorb3oBar He rorbKo pe3yxbrarbr coScreeHHbrx r4c-
creAoBanrtfr, Ho r4 orelrecrBesHrrfr n zapy6exHrrfr o[brr r43yr{eHr4q reoxr4-
Mw4 rroA3eMHbrx BoA. Eorumoe BHr,rMaHpre B KHI4fe yAeJreHo [pHHuHrTLraIrb-
HO HOBbIM TeOpeTI4r{eCKUM Lr npaKTUrIeCKI4M IIOJTO}I{eHI,IflM COBpeMeggOfi










<DopuzpoBaHne rroA3eMHbrx BoA fluenponcxo-loHeuKoro aBraKoreHa
oilpeAeJrflercr rrcropr4efi ux cyruecrBoBaHra-fl B 3eMHofi xope. lloarony 
.qrq
froHr4MaHufl fr44pofeoxr{MHrrecKux flpoueccoB, rrpor4cxoAflrunx B efo HeApax
ueo6xotrrlMo I4Merb qerKI,Ie [pelcraBJreHrrfl o reKToHHrIecKIlx, rrrrorofl4r{e-
cKrrx, rr4Ap ore oro rur{ecKrrx, reoxrrMr4rre cKux vr Apy rux o co 6 es H o crfl x.
1.1. IIpeAcraBreHufl o crpyKType u reo.,'rorrrr{ecKoM crpoeHrrrl
/{Henponcxo-{oueuxufi aBJraKoreH (nporraS Eorurxoro louSacca, IJo-
Ho-lHenpoecr<ufi nporu6, [uenponcr<o-[oueqxzfi ilareopr4rpr) npnypoqeH
K poBooSpa:Houy repur{HcKoMy rpa6eHy, oSpasoBaBrrreMycfl Ha rore Bo-
cro.ruo-Enponefrcxofr nnarcpopuu H BxotrsqeMy B cocraB KpynHoro rru-
HilaMeHra, npocJrelKr{Barouerocfl or Ceeepnoro Mopfl Ao Tsur-[LIaHs 12,
2I1,297,309]. llpra rrr4pr4He or 70 Ao 130 xnr aBraKoreH ilporflrr{Baerc-q c
ceBepo-3ana1a Ha roro-BocroK or flpanflTrr to /{oua 14 rrpetrcraBrrfler co5ofr
He qro r.rHoe, KaK ApeBuuit, norpe6eussrfr nrar$opnresuufi pllSr [60, 168,
tB4,268l.
Taxofi rroAXoA K ero reHe3r4cy [o3Borfler corrocraBr.flTb reoJrorur{e-
c KHe, rlrAp of eorof ur{e cKlre' Mr{Hep af eHr4rre cKae, reo SIr3Irq ecKl4e, re ox LrMr4-
LrecKr{e w xpyrrre ocoSeHHocrr4 [Henponcxo-loHeuKoro aBJraKoreHa c xa-
paKrepHL,rMr4 qepraMr4 pa3rr4rrHrrx pn$roreHHbrx crpyKryp MI{pa c qerbK)
nor,rcKoB oSrqrax 3aKoHoMepHocrefi 14) B qacrHocrr{, reororu{qecxofi Aefl-
TCII,HOCTZ NOtr3CMHL,IX BO.4.
B pe3yrbrare repuaucxofi TeKToHrrqecxofr aKTr4BH3drJlrv, conpo-
B o x{raB rrr ei'tc s 6roxoerrMr4 ABH)K eHurMtt no pa3ro MaM, o 6p a: o n arc fl pn Or,
Bo MHoroM cxoAHufi c 6oree Moro4bruu EafiraJrbcKrrM u BocrouHo-A$pu-
KaHcKuM pnSranru [158,185]. Ero roxe? cKopee Bcero, cro]KeHo N,ra-
repuxonofi rcopofr, TaK KaK no reoSu:uqecKr4M raHHbrM B oceeofi qacrr4
crpyKrypbr noA ocaAoqHbrM qexJroM Haxo Aflrcfl .uopn$eficKrre 160, 2611 utu
l0
pu$eficxne [309] ilopo,qbr. Huxe, ua rtydulre 6oree 35 KM, 3areraer Kopo-
Bo-MaHTuitustit clofi, ilpeAcraerenHrrfi ruexorrHo-SasaruToBblM KoMrIreK-
coM ByrKaHoreHHbrx ropoA 12671. AHarus Beprr{Kamuofr 14 ropr.{-
3oHrarbHofr goHarbHocrr4 r4x pacnpeAeJreHr4.fl [60] yra3blBaer Ha nyrlbcaul4-
oHHoe pa3Burvre lHenpoecxo-[oHeuKoro aBraKoreHa, Koropoe xapaKTepHo
Lr rtrs Apyn4x praQroeux crpyKryp ilJraHerbr [353]. lloe BrrrflHvreM cl4r rpa-
BLrrarJVr4 rrpor4cxo4rzr guS$epeuquarJlrfl pa3rlrr{Hbrx rro Macce cocraBr-flro-
ulux MaHTHr4. llpr,t 3ToM rrerKne Spaxqlru, Hacbr[ueHHbre savSoree [oABr{x-
HbrMH KoMrroHeHTaMr4, orx{rrMarorcfl BBepx. llpouur<a;r ilo rryduHHblM pa3-
JroMaM B BepxHlre cror4 seunoil Kopbr, oHr{ nopo)KAaror rpoueccbl Bocxo/:tfl-
ulefo rerrroMaccorTepeHoca, xapaKTepHofo Arrfl Bcefo nepr4ola pa3BLlTr4fl
feocrpyKTypbr, Brrrorb Ao Hacroflruefo BpeMeHu.
Bo:HlrxHoBeHrre rareo3ofrcxofr puQroreHsofi crpyKrypbr, conpoBox-
AaBrrreecr ueroqHo-ocHoBHbrM rrHTpy3rrBHbIM MafMarr{3MoM, frorox(nro Ha-
qaro $opunpoBaHr4lo /[nenpoecxo-f,oueuKoro aBrraKoreua. EypHax a$Qy-
3r{BHafl AeflTexbHocrb rroBJreKra 3a co6ofi HaKorrJTeHr,re ByrKaHoreHHo-
Teppr.rfeHHbrx ocaAKoB 14 3Baropr4ToB. K r<ouuy rro3rHero reBoHa Haqarocb
Bo3AbrMaHHe ro)Ka pn$ra, 3aKoHrrr4Brrreecfl ua pybexe AeBoHcKoro r{ KaMeH-
HoyrorbHoro BpeMeHlr 6peroHcxofr Qasofi repuuHcKoro oporeHe3a.
Ha,auuas c paHHero xap6oua, nareopu$r r4crrbrrbrBaJr ycrofr.runoe
o[ycKaHue, StaroAapfl KoropoMy B HeM o6pasoearraeb MoruHaq ronua oca-
ror{Hbrx r<ap 6ouarHo -reppr4reHHblx rop oA.
B ilo3AHeM xap6one nporuSauue cMeH-flercfl Bo3AbrMaHI4eM, 3aBep-
rrrr{BrrreMcfl B KoHue nogAuefi nepMrr 3aarrbcKofr Qa:ofi repul{HcKoro reKTo-
reHe3a, rroro)Kr.reruefi Haqaro $opurapoBaHr4ro ocHoBHbrx reKToHpIr{ecKI4x
crpyKryp perzoua [66]. llp, sroM Bocror{Hafl. qacrb aBJraKoreua 6rt:ra r4H-
BepcupoBaHa rz npeo6pa3oBaHa e foueuKoe cKraArraroe coopylreHne, & B
norpyxarcurnxcfl ueHTparusofi r{ 3arrarHofi ero qacr.flx o6pasoe arvreb coor-
B ercrB eH Ho luenp o B cKo -/{oueuna fl Brratrr4Ha r llpran xr cxwfi np o ru6 14 1l
Ha rpaHuue nepl'r.kr u rpuaca ilpor43orrrra 3aKrrollr,ITerbHax Qa:a rep-
ur.rHcKoro reKToreHe3a - nSanrrlcKafl. Oua colpoBolr(Aaracb r4HTpy3rrBHbINI
MarMarfi3MoM 14 nplrBeJra K oSpa:onaHuro pa3pbrBHbrx HapyureHufr c aM[rt4-
ryAaMZ, rpeBbrrrrarculnMpr 1000-2000 M. Ha rpaHl{ue Mera 14 rareoreHa
Mo[rHaq tapal'r^uficKa-fi Qasa atsnufr.cKoro reKToreHe3a, Bbr3BaBIrIa-fl rrHTpy-
:Herr;ril MarMart{3M Aafixoeoro rtr4na, cnoco6crBoBara oKoHllarerbHoMy
cpopnrupoBaHuro c pyKrypHoro o5:ruxa loneuxoro ilporrrda u AAB 1661.
B uacro.sqee BpeMq {Henponcxo-/[oneqxuil aBJraKoreH rrpeAcraBr.fler
co6oil cnHKJrrrHopuit, B ueHrpe Koroporo o6pa3oBaracb KpytlHa.fl Morola-fl
aHTeKrrr3a c rareogoficxr4M flApou. Ha cpoue o6ruero coBpeMeHHoro iloAbe-
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Ma B OTAerbHbrx efo Lracrfx HaSrrolarorcfl orrycKaHlrq, qro yKa3brBaer Ha
TeKToHr4r{ecKyro aKTr4Br43aur4Fo rry6r4HHbrx pa3roMoB. C srofi aKTI4BI,I3auuei't
Ha npoTfl>KeHvlr4 AxI,rTeIbHofo feollofr{r{ecKofo BpeMeHr4 cBr3aHbI He ToIbKo
rr3MeHeHr4fl crpyKTypHoro o6rnxa perr4oHa, Ho u nocrynreHr4e pyAoreHepv-
pyrcuefo BerqecrBa B BepxHr{e cJror{ geN,rHofi Kopbr, Mr{fpaqnfl yrJreBoAopo-
I
AOB. qtOpMI4pOBaHI4e Xr4MZqeCKOfO 14 fa3OBOfO COCTaBa i lOA3eMHbrX BOA, a
TaKXe MHOfHe Apyfr4e feolofr4qecKlre flBIeHr,rtr.
B upoqecce cBoero pa3Br4Tufl ApeBuvrfi narreopraSr 3arrorH-sJrcff reppr4-
reHuo-:$$y:nnHrruu, xap6ouarHbrMrr 4 raroreHHbrMrr orrox{eHr4flMr4, o6-
pa3yrorur4Mr4 rpu crpyKTypHbrx 3ra)Ka: rraJreo3oitcxuit, nresosoffcxnfi u xafi-
uo:oficxuk. R pe3yJrbrare reKToreHe3a ocalorrHafl Torrqa 6ttna r4HTeHcrrBHo
pazSura pa3pbrBHbrMu Hapy[reHrrflM\r vr cl.rrflTa B cKxaAKr4, Koropbre rrporflrr4-
Balorcfl BAorb 3oH perr4oHarbHbx uy6uHHbrx pa3JroMoB.
I4:yveHnro reororr4lrecKoro crpoeHrr-f, loHeuxoro nporu6a 14 roro-
BocrorrHofi qacrn luenpoecxo-/{oueuxofi Brarr4Hbr ilocBflrrleHbr rpyAbr ra-
Kr{x Br,rAHbrx yqeHbrx xar A.lI. KapnlrHcrcuit, O.H. r{epnuruen, A.!. Apxar-
rerbcKr4ff, A.H. Co6oree , JI.VL Iyryrran, n.I4. CreraHoe, H.C. LUarcxnfr,
B.f. EoH4apuyx, A.lI .  Porafi,  C.V. Cy66oruH, B.C. l lonon' A.3. Tl lupoxoe,
R.W. CxaprxnHcrufi, B.E. Cor:rory6, A.B. r{exyHoe, M.B. tlupeuHcKa-fl,
VI Hurcorucxrtit, B.C. llauon, B.f . Beloxour, B.K. fanpuru, B.A. Kopue-
N{ar}rH, W.P . Beroyc, M.I. IeeeHrtrreirH u Ap. B ux paSorax' a raK)Ke B MHo-
ror{ucreHHblx orlrerax w nylwtKauu.qx Apyrr4x r4ccJreAoearerefr AaHa noA-
p o 5 Har xap aKTepr4crr4Ka re orrof r4qe cKoro crp o eHr{.s perr4oHa.
C mp amuz p acpun LL .ryLrmor o zun
flo BceMy [nenpoecxo-loHeuKoMy aBJraKoreHy AoBorrbHo xoporxo
H3ylreHbr pa3pe3br rropoA rreTBeprr4qHofo, HeofeHoBofo, ilaJreofeHoBofo, Ms-
roBofo, ropcKofo, Tpr4acoBofo, rrepMcKofo, KaMeHHoyforbHofo 14 AeBoHcKo-
fo Bo3pacTa.
{o He4aBHero BpeMeHr4 crr[Tarocb, r{To AeBoHcKrre orro)KeHrr-q, Heco-
rracHo 3aileraroruue Ha Kpr4crarrr4qecKoM apxefi-nporepo3ofrcxou $yn,qa-
MeHTe - caMbre ApeBHr4e H3 rrarreogofrcKrax ilopoA, 3arorHflIorqnx aBrraKo-
reH. B pe3yJrbrare rry6aHusrx reo$vsuqecKr4x r4ccrerosaHuir ctreraHo
[per[oro)r(eHr4e, r{To nor orJro)KeHr4flMr4 xap6ona-AeBoHa HaxoAr4Tcs crofi
MoruHocrblo I0-I2 KM, crolxeHHsrfi, cy4fl uo SusuqecKr.rM ceoficreaM, oca-
AoLrHbrMz c:r a6 onrerauop cpu3 oB aHHbrMr4 rop oAaM u 126 51.
3ror, cKopee Bcero, "ropn$roBbrfr" c:rofi, 3areraro:r!l4ir B oceBoM rpa-
6eue. rrMeer, no-BrrAr{MoMy, paHHenareosoficxrafi (op4oBr{K-cr.rrrttypufturufi)
I2
BO3paCT r{ MO)KeT otlTt yCJTOBHO THeCeH K CaMOMy HI{XHeMy? r{eTBepToMy
crpyKrypHoMy sTax{y aBJraKoreHa. OAnaKo BBr4Ay AucxycclroHHocrl4 raHHo-
ro Borrpoca, crparurpaStrfl vr rnToJrorr4.s pefuoHa paccMarpl4Barorcfl, HarTv-
lg'afl c orro)KeHnfr AeeoHcKoro Bo3pacra (ra6r. 1.1).
feeoHcr<r4e [opogsr, oSHa]Ka]ounec-{ B upuSoproBblx r{acr-f,x aBraKo-
reHa, a raKN(e B qApax SpaxnaHTr.{KJrr4Harefi npeAcraBJTeHsr ryQalnr, rycpoS-
peKLrr4-flMr4, nop$upvraMv, 6a:arsranrz, KoHfJroMeparaM14, rtecqaHI4KaMI{,
n3BecrH-qKaMH r.r coJrrMu. B AAB rry6uua r4x 3aJreraHnfl Aocrr4raer 3000 u.
KaueusoyrorbHbre ropoAbr HecorJracHo 3areraror Ha IIopoAax Bepx-
Hero AeBoHa rr AoKeMGpux. Ha roro-BocroKe AAB MoruHocrb r.IX Aocrl4raer
4-8 nu, a B ueHrpe [oueuKoro nporzda - Ao 12 xnn. OrroNeHr4fl KapSoHa
noApa3AeJ]_rrrorcq Ha Tpu oTAeIa, KoTopr,re, B cBoFo oLrepeAb, cocrotrT r43
cBr{T, BbrAer.f,}orrlr4xc.fl no MapKr4pyrou{r4M fopr{3oHTaM z3BecrHflKoB u yrrefi.
Ta6ntua 7.7
Iurolo ro - crp arurp aQuvecKa.q xap aKTep r4crr4 Ka o c aAor{Ho fi ror ura
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llepnacxr4e orro)KeHr.rr pacnpocrpaHeHbr B AAB, a raK)Ke B EaxMyr-
cKofr u Kamrr4yc-TopeuKoii KorroBr4Hax AoHerlKoro nporr45a.
Ouox<eHr4q Me3o3ofrcKoro crpyKTypHoro 3Ta)Ka 3aJreraror Ha nareo-
3ofrcKux ropolax ilor{Tr4 Ha Bcefi Teppr4ropw AnerrpoBcKo-loneqxoro aB-
raKofeHa 14 oTcyTcTByroT lrrrrrb B MecTax BbrxotroB KaMeHHoyforbHbIX {
rrepMcKr{x roJrul.
Kafrno:ofrcxpre orJroxeH r4fl pasBwrbr roBceMecrHo pr HecorracHo 3are-
falor Ha pa3Mbrrofi rroBepxHocrr4 [areo3ofrcxur r,r Me3o3ofrcxux KoMnneK-
coB.
Tercmouurca
B Hacro-quefi pa6ore 3a ocHoBy rrprrHrrbr cxeMbr reKToHar{ecKoro
pafioHupoBaHzfl duenponcKo-AoHeuKoro aBiraKoreHa B.C. flonoBa 166,691
Lt V.A. MafiaauoBr4r'ra [1 66], Koropbre AorrorHeHbr MarepuaraMr4 6oree
fro3Anr.rx 4ccreAosautrf i  [56, 179,259,268 pt Ap.].frybuHubre pa3roML,r Bbr-
AerreHbr rro B.K. fanpr4rrry 156, 57,58, 59, 60], B.V. Cxaplr{r4HcKoMy 1179),
B.f. Beroxonro [20], M.B. r{upnaucKofi u B.E. ConrorySy [309], B.E. Cor-
rory6y, M.I4. Eopoayn uHy Lt A.B. r{exynoey 1266, 2681, M.I4. FoporyrnHy
1321, P.M. Cnrururo 1258,2591v Apyrr4MI4 aBropaM.
luenpoecKo-AoHeuxufi aBrraKoreH ofpaHr4qeH 3oHaMr4 rorrolKr4B)/-
tqax pa3roMoe - EapaHoBr4rrcKo-AcrpaxaHcKr{M - Ha ceBepe n llpunxrcKo-
MausrqcKrrM - Ha rore 14 paz6vr ronepeqHbrMr4 pa3rroMauu (puc.1.1 ).
BroxoerrM xapaKrepoM luenponcKo-AoHeuKoro aBraKoreHa oilpe.{e-
rfleTQfl pa3AeJreHr4e cTpyKTypbr Ha oTlerbHbre I{acTtl, oTrfiLraFou{uecfl KaK IIo
ycroBnqM pa3Br.{'ttrfl, TaK H rro feororr,rqecKoMy crpoeHr4Fo. B npeeerax pau-
cMarprlBaeMofo peruoHa qerKo Bbrrer-qrcrcr doueuxufr nporuS a luenpoe-
cxo-floHerrxa-fl Bnarr4Ha. Olsar<o iloJroxreHue rpaHr{urr Me}r{ry Hr{Mr4 onpe-
Aer.qerc.q B oqeHb rrrapoKr4x npeAerax, B pe3yrbrare qero o6pa:yercs o6-
rrn{pHar reppr4Topvfl, orHeceHr4e r<oropofi K oAHofi rB BbrrrreHa3BaHHbrx
l5
crpyKTyp qBr.flercfl AkrcKyccr4oHHbrM. OAnu r4ccrreAoBareru cKroHHbr cLrr4-
rarb ee ceBepo-3arra4HbrMtr oKpar4Hanru fouSacca 166, 69, 1791, Apyrpre -
roro-Bocro.rnofi rracrblo,.4AB 14,621, a rperbr4 - rrepexoAsofr soHofr MexAy
Hr'IMrr 124,63,1661. K rony )Ke, Becbnra npoSreMarr4rrHbr rr reKToHtrqecKr4e
ilapaMerprt :rofi Teppr4Topwvr.MeN4y reM, oilpeAereHHocrb rro3r4rr4r4 B Bo-
rpoce ycraHoBreHrr-fl rpaHr4rl Me)nAy AoneqxuM ilporr{5ou vr XAB, KaK 14
ilapaMerpoB 3oHbr corrJreHeHr,rfl 3THX crpyKryp, Koropyrc B.K. faepraru
(1 968) Ha3Bar "3ana4Ho-Aoueuxufi rpa6eH", r4Meer ilprrHrlr{ruairbHoe 3Ha-
qeHue. 3ro ueodxoAl4Mo He rorbKo Arq pa3BrrrLtfl Teoperr{qecK}rx npe:l-
craBreHvrfi o reoxuMl4r4 rroA3eMHbrx BoA, Ho 14 Arfl perleHr4fl MHorr4x 3aAarr
rtp aKTr4rre cxofi re orof HI4.
B.C. llonoebtM (1963) rpaHr4rla Me)r(Ay NoueqxzM rrporrrSou ra d
npoBoll4rcfl no KpnnopoNcxo-llaBrroBcKoMy c6pocy. On apryMeHrnpyer
3ro rraBHbrM o6pasovr reM, rrro K 3arrally or pa3roMa ilpeoSlaAaror cy5-
nrarcpopMeHHble,, ? K BocroKy - cySreocr4HKrr4HarbHbre ycrroBr4r pasBkrrvrfl
[66] Sror pa3roM B rrraHe coBnaraer c HarTpaBreHueM BbrtrereHnofr B.K.
f anpuurent ( 1 9 69) MaHryccxo-fy6xuscr<ofi 3oHbr :ry6uHHbrx pa3rouon [5 6.
60], xoropa.f, .f,BJTqercfl 3arraAHofi rpauuuefr 3analuo-AoHerlKoro rpadeua. C
BocroKa rpa6eH orpaHurrLrBaerefl, cydnrepraAuoHarbHbrM loHeuxo-
KaxueecKuM rlySaHubrM pa3roMoM 12591.
Taxlte flpeAcraBreHnfl, no-Br{ArrMoMy, uanSoree coorBercrByror r4c-
Tr4He. lefrcrerzrerbHo, B orirrrqze or loHSacca, ocaAoqHa.fl ToJrua 3analno-
Aoneunoro rpaSeHa MeHee AucrorlupoBaHa reKToHnqecKr4Mr{ HapyueHr4fl-
MI'L 3lecs pa3BI4TbI [pel4MyulecrBeHHo corqHoKyrrorrbuue 6paxvaHTvrKrru-
IlarbHble crpyKTypbl 14 AoBorbHo rrorHo [peAcraBreHbr aroreHHbrc (nepnr-
cxue) 14 Me3o-KafiuosofrcKrre Sopnrallnu. Bce 3To, KaK H yMeHb[reHue B 3a-
rIaAHoM HalpaBJreHrrur c eneHr.r MeraMopQusnra yr:refi, cSruNaer 3anaxHo-
Aoueuxnfr rpadeu c AAB. OAuaxo cyuecrByror r.{ AoBorbHo 3Har{HrerrbHbre
pa3rl4t{I4fl Me)rqy 3Tr4Mr4 crpyKTypaMn. Onu 3aKr}oqaForcfl,, B ocHoBHoM, B
pe3KoM (n 2-3 pa3a) yBerur{eH}rr{ ryduur,r 3areraH}.rr SynlaMeHra K Bocro-
Ky or Kpzeopoxcxo-llaBroBcKoro pa3iroMa, r4cqe3HoBeHr{r,r cSpocoB 14 rro-
flBreHrr4 HaABI,rfoB, a raKlKe B pa3Brrrzrv Morrl uofr yrueHocHofr Torulr4 Kap-
6osa. B orruque or AAB, 3Aecb (:a rncxrrcr{eHueM Cnileaxoecxofr crpyKry-
pbr 14 prla KynonoB e CeeepHofi soue MerKofi cxraAlrarocrt4) novru orcyr-
crBylor (ua r:ry6rlHax Ao 3000 - 4000u) cxomxo-uuSylb 3HarrureJrbHbre
cKoflreHr4fl yrreBoAopoAoB, a Te, KoTopbre rrMeroTc.fl, ilpeAcTaBleHbr, B oc-
HoBHoM, ra:oeofi Qasofi. llounno vKa3aHHbrx oco6eHnocrefi 3anarnc,-
Aoueuxrafi rpa6eH orruqaercr or .4Byx coceAHr4x crpyKryp 14 rro xapaKrepy
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crpyKrypofr Mex(ry AouerrKr4M nporv6ona n [ueilpoBcKo-Aoueur<ofi enaAu-
Hoft, Koropafl Ha pa3Jrr4r{Hbrx 3Tailax reoJrorr4.recxofi Lrcroptrv r4MeJTa KaK
reo cr{HKJr r4HarbHufi , rax n nrar$ opMeHHbrfi xap axrep p a3B Lrrr4fr .
B [uenpoBcKo-loHeIlxoM aBrraKoreHe pa3roMbr pa3m.{qHbrx HarrpaB-
neuvfi rBr-fl orcq o cHoBHbrMH cBfl 3yrou vrMvr SreMeHTaMu MelKrv r:rv6rrHHbr-
Mrr qacrfllrru geNaHofr Kopbr kr MaHTvrut, c oAHofi cropoHbl, 14 ocaAorrHbrMr4 or-
roxeHr{flMl,I, c ,qpyrofi. C Huuu cBq3aHbr rrpoueccbr rerrroMaccorrepeHoca,
eaNuefiuunr SaxropoM Koroporo flBr.flerc.r pa3rpy3Ka Bo,q rrySoxoro $op-
M[poBaHI4fl, OlrpeAerrfforuafl tr3MeHeHl,dfl xrrMr,rqecKofo cocraBa rroA3eMHbrx
B OA, ilp Or4CXOA.fl rrlze IO HaCTO_fl ruef O Bp eMeHr4.
B oca4ouuofi ToJIIrle paccMarpr4BaeMoro perr4oHa npocJrexaBarorcfl
pa3roMbl AByx ocHoBHbrx Ha[paereHr{fi: ceBepo-3arraAHoro ("goueqroro") u
cy6uepuAl4oHaJlbHoro, xor-q HeKoropbrMr4 r{ccJreAoBarer-f,Mr4 BbrAer-flrorcfl
raKlKe pa3roMbr ceBepo-BocrolrHoro kr l.py/rvrx HanpaereHlrfi 1321. 3a uc-
KrroLIeHI'IeM KpaeBbIX V rpAHLrLrHbrX ilOflepeqHbrx, pa3JroMbr ilpo.sBxflrorc_s B
Bl{tre orHocl4Ter[,Ho y3Krrx (1-10 xnt) rexroHuqecKr4 HapyueHHbrx 3oH, or-
cronlrlax Apyr or lpyra B cpeAHeM Ha 30-40 KM [166]. Ouu e 6orburr.rHcrBe
cryqaeB, uMeror nranrufiuoe 3arroxeHr4e w o6pazyror xapaKTepHyro cr4creMy
6roxos seN{Hofr Kopbl, flBJrflflcb yrracrKawv savt6oJree aKTr4BHoro rerTiroMac-
conepeHoca, K KoTopbrM ilpHypoqeHbr KaK ApeBHr4e fr4lpoTepMarbHbre or{a-
fI4, TaK U COBpeMeHHbre fr4rrofeHHbre fr4Apof eoxzMzqecKue aHoMa jtrr4lr.
PasroN{sr cySurraporHoro r4rrv ceBepo-3anaAHoro ("Aoueuroro") Ha-
ilpaBreHl4fl l{rpalor HalrSoree Ba;KHyro poJrb B SopurapoBaHr{t{ reocrpyK-
Typbl dHenpoecxo-floHeuKoro aBJraKorena. K Hr{M orHocrrcfl He rorbKo or-
paHuqr{Barcurze reocrpyKTypy KpaeBbre pa3roMbr, Ho 14 ueruil pxt pe-
rnoH arbHbrx p a3p brBHbrx Hapy rue nnfi rry6r.rHHo ro 3 aro)KeHr4fl .
llp w nxrcro -MasblrlcKafl 3 oHa rry 6aHHbrx p a3rro MoB - ro x(Hafl rp aHr4ua
rareopl4Qta. [LIupIaHa ee Aocrr,rraer 50 xru n Solee [59] Ha rore 3oHbr B
rpeAerax loHeqKoro nporn6a oHa rrpeAcraBrena IOxHo-loHerlKuM rry-
SuHusnr pa3JIoMoM, aMrrrr4Tyra cMerueHr4r Koroporo no SyH4aMeHTy Aoc-
rl{raer 5-10 xnr [52]. B AAB rpoAorrx{eHr4eM ero, rro-BrrAr4MoMy, flBrrflercfl
Mprxaiuoecxo-Iopreecxnfi pa3roM, aueroulr.ril nasu.rfrsoe 3arro)KeHr{e LI
flor{Tn BeprHKaJIbHoe ilaneHne c aMrrrury.uofr cN,rerueHpr{ oKoro B xu 120,
321. Cenepuar rpaHr4rJa 3oHbr B ocaAoquofi rorrue BbrpaxeHa MyurKeroB-
cxo-llepcaaHoBcKlzM HaABr4roM, Koropufi xoporro BlrAeH Ha npo$ure fC3 e
o6oux cJlo-sx geN{Hofi Kopbl. C :runr pa3roMoM 14 corrp-fl)KeHHbrMu c Hr4M pa3-
pbIBHbTMLI HapyueHvrflMu cBfl3aHbr Marbre r4HTpy3r{rr MafMarr,rlrecKr4x rropol.
Ha eocroxe MylrlKeroBcxo-llepcr{aHoBcKuit uaxsr{r nepexoArrr B cr4creMy
Carscro-MaHrt.{cKoro pa3JroMa l\79} A na 3arratre oH, rro eceft Bepo.r{rHo-
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crtr{, I4Meer ilpoAorr)KeHne BorqaHcKoM Bbrcryne KpzcraJTrzqecKoro Qyu-
AaMeHTa, corp-trraflcb c xoporuo [pocJre)KeHHbrM Ha YxpaaucKoM rur4Te
f, eera4oBcKr,rM pa3roMoM.
BapaHonu.IcKo-AcrpaxaHcKa-fl 3oHa KpaeBbrx rry6uuurrx pa3roMoB,
orpaHl4rrlrBaroulafl aBrraKoreH c ceBepa, Ha orrr4crreaeNaofi Teppr4Topr4a [po-
flBirfleTcfl B Br4Ae AByx KpyrrHbrx pa3pbrBHbrx cTpyKTyp, ceKyrqnx 3eMHyro
Kopy tr Aocrr4raroruux MaHrr4r4 f56, 1541 - Cenepo-loHeuKoro z Kpacuo-
peuKofo pa3JroMoB.
Cenepo-loueqxrafr pa3roM, flBJrflFoulttitcs roNnofr rpauzqefi 3oHbr,
ilpocre)KrBae'ter B BI4Ae cepr4r4 pa3pbrBHbrx Hapyureuufr c aMrrrrr4TyAaMr4 or
1-4 eo 10- 12rcw 1201. AltnruryAbr KpacHoperlKoro c6poca Aocrr4raror 250v.
If eurp arsuo -[oHeuxufi p a3roM rrp o crex{ r4Baer cfl a I{eurp aruHofi qac -
rr.r [oHerlKoro nporua6a.lTagax Ha ceBep nol yrnou 70-85o, oH pacceKaer
3eMHyro Kopy Brrrrorb Ao rpaHrrurr Moxo [5, 32,56, 165]. B nopolax rareo-
3ofl pa3JroM BblpaxeH fraeHofr aHTr{KJrr4Harbro floHdacca, cBoA roropofi
pa:5rar MHoroqncreHHbIMI4 Ar4afoHaJrbHbrMr{ pa3pbrBHbrMr4 HapyueHvsuvt. B
ilpouecce Me3o-Kafiuosoficxofi TeKToHuqecxofi aKTr4Br43 ar\r4r4 Ha aHTr4Krrr4Ha-
rn o6pa3oBarc{ prA MeJrKr{x KynoJrbHbrx crpyKryp,, pocr Koropbrx Hadruo-
Aaercfl r4 B Hacro-fluee BpeM.{ lI7 , 285, 2991. BocroqHee, B rTpererax Ha-
rorbHoro Kpfl)Ka, rry6uuurrfi xapaKTep 3Toro pa3roMa rrolTBepxraerct
frpocrpaHcrBeHHofi ce.rrssro c HHM IaeK nanrnpoQupoB U791.
Kopyrucr<o-!poHoecxufi ll79l pa3JroM r4Meer 3anaAHo-ceBepo-
3anaAHyro opHeHTI4poBKy rr coB[a4aer c roxuofr BerBbro MapreecKoro Hax-
Br{ra 166, 691, ocroxH.flroruero [poHoncKyrc, CraequcKyro n KopyrbcKyro
KynorbHble crpyKTypbr. Ha ceficMofeoirorur{ecKoM pa3pe3e :enruofi Kopbr no
rrLrHr4r4 Horaficx-Cearoso [154, l79l oH qerKo npocJrexr4Baerc,fl ro nepxuefi
MaHTntrt? uro $uxcnpyerc.q rto cMerueHr4ro rpaHr{ubr MoropoBr,rqr4lra. B sa-
naAHoM Hanp aBr eHr4vr Kopyrs cxo -{p o uoe cxufi p a3rroM rp ac cupy erc-fl g o Fr ori
rulporeoxl,IMl{qecKrrx auoualnfr,, npoT-srnsa}ouefrcq or KopyrbcKoro Ky-
IIoJIa qepe3 Me.{e6zxoBcKyro, KpacHoilaBroBcKyro ra Oxr.fl6pbcKyro crpyK-
D/pbr r{ Aarree - B AAB.
llerpoecxo-Kpeuescxofr pa3roM B ocaAoquoil rolilre BErpaxeH ceBep-
uofr eerBbro MaprencKoro Hal.Bvrra, ocJro)Knqrcuefi TepuoecKyrc, Kaveu-
cKyro, CesroropcKyro', CnueaxoBcKyro u Bo:rseuxoBcKyro KynorbHbre
crpyKryprr. CorracHo reo$usuqecKprM r.rccJreAoBaHu-flM lI79l, pa3roM r4Me-
er rry6uuHlrfi xapaKTep. B /{uenpoecxo-loueurcofi BnaAr{He oH, rro eceil
Bepo.srHocrlr, [poxoAr4T r{epe3 A.rer<ceeBcKyro u KpecrurueHcKyro 6paxLraH-
TI4KTI4HAIV.
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IOxHee, qepe3 Eer.f,eecKyo', KeruqeecKyro' Bepxue-IauHoecKyro v
MaprxHoBcKyro crpyKrypbr, or llerpoecKoro Kyrrora Ha 3arraA, B AAB rpo-
Tqfl4Baercq, rlo-Br,rArrMoMy, eru€ oAr{H pa3JroM [B], xoroptrfr rroKa reororr4-
r{ecKr,I He KapTr{pyeTcr.
KpacHo4oucrr.rfi HarBr{r, npocrr4parourfic-fl Ha BocroKe reppnropr4}.r
naparreJrbHo Ocenonty pa3rroMy pr ceKyur,rfi seNaHylo Kopy c aMnrr4ryAoil Io
1-3 KM, nMeer rry6uuHoe 3arrolKeHr,re. Ha npoSa:re fC3 oH Aocrr4raer
nepruefi MaHTr4u. B pafroue r. CraxaHoBa pa3roM rrepeceKaerc.fl c Arnlag-
HbrM HaABr4fOM, raKxe AOXOA.nUT4M AO fpaHr4qbr MOxO lI79l. O6a OHu O6-
pa3yror eII4Hyro 3oHy, rrporflrr4Barouyrcc.s s Eaxuyrcxofi KorroBr4He tro ce-
B epHoro Kp brra llepn onr afrcxofi aHTn:r;ruHarvr .
P asro u sr cy5 nl ep vr trr4oHarrb Ho f o H anp aBr eHr4fl , D,e r.flrr\ue Nue up o B c K o -
toHerlxrafi aBlaKoreH Ha orAerbHbre nrelaSror<lr, ropa3ro xylKe rrpocre-
)KnBarorcfl B ocaAoqHofr rorrqe. Cpe4a BbrreJrfleMbrx pa3raqHbrMr4 r4ccre-
roBarerrMr{ crpyKTyp raKoro poAa, ocraHoBuMcfl ua nau6oree 3HaqrrMbrx,
onpeler-qroull4x KaK [pr4Hur{rrbr eKToHuqecKoro pafioHup oBaHufl Teppr,rro-
pw, TaK u ee reoJroro-rr4lporeorofr.rqecKue oco6essocrr4.
Kpue op oNct<o -lfaB Jro B cKlr fi r ty 6usurrfi p a3roM, KaK yx{e orN{e q aro cb,
sBr.qercq BbtpDKeHr4eM B ocaAoquofr o:rue Manryccxo-fy6xuHcxofi :ostr
pa3roMoB, orAerqrouefi 3anarso-floHeurcr.rfr 6norc (rpadeu) or AAB a Bo,r-
qaHcKoro Bblcryna VxpaprHcKoro rrllrra. Pasrou HMeer Kpyroe Bocror{Hoe
nareHr4e (60-80') c aMrrJrr4ryrofi cMerueHu.q roBepxHocrr4 0yreareHra Ao 2
ru [20] u $vrcwrpyerc.fl flo cMerqeHrrro rpaHr4u Koupaga u MoropoBr4lrzqa
159,1191.
Aoueuro-KaAnegcKafl 3oHa pa3roMoB, trIrr4 "uloBHafl" 3oHa, flBr{erct
orpalKeHneM B oca4ouHofi ToJ'rrue Boruoeaxcro-Ka:ascxofi rry6annofi
crpyKrypu [56], orpaHlrrrr4Baroureir 3ana4uo-loueuxufi rpa6en c BocroKa.
K nefr rprypoqeHbr MHororrucreHHbre pa3pbrBHbre HapyrueHn.q (@pauuys-
cxuit, IJeHrp anrHtrIfi , f opno e cxzfr nagyvr v) n aHTkrKrtrHarbHbre cKraAKr4
(BerxoncKa-f,, foproncr<ax, fcvHoecxa-fl vr Ap.). B [peAerax ee Brrr4flHvrr
fipoucxoAuT L{cKpI4BreHr4e ocefr crJraxoK, Bo3AbrMawr4e noBepxHocrr4 perbe-
Qa ^  ua6:rrcAarorc.fl aHoMarzv cr4rbr -qxecra [56, 59]
ElaHqzx-Poneurroecxzfr pa3roM, npor-f,rr4Baercfl rrapauerbHo Ao-
neuxo-KarueBcKonry, Ho BocroqHee rrocJrerHero. Cor,TacHo .qaHHbrM fC3 os
(lrlxcrapyercfl no cMerueHnro Syu.aanreHTa 14 rpaHr{r1sr Moxo c aMrrrrurylofi e
7 ,5-2 xu [20] .
flouuuo yKa3aHHbrx 3oH pa3roMoe cy6ilrepvrlnoHaJrbHoro HanpaBre-
Htr4r, HeKoropbIMI4 trccreAoBarerflMr4 BbrAerr{erc-rr KepveHcxo-Cras.sHcKa.q
3oHa rnybuuHblx pa3noMoB 1321, Koropafl r.rMeer rpaHcperr4oHarbnrrfi xa-
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paKTep, pacceKar cxu$cxyro rrr4ry, vxpazucxzfi IIIZT, luenpoecKo-
Aoneqxrafi aeraxoreH rr BopoueNcrcuit Kpr4craJrrnqecKr4fr l. raccue. B mvpu-
Hy oHa rrpocrr4paerc-fl or KpunopoxcKo-IlasroecKoro pa3JroMa - Ha 3arraAe
Ao roro-BocrorlHofo 3aMbIKaHI4.fl Craesucxofr vr lpyxxoBcKo-
KoscraurrrHoBcKofi crpyr<Typ - Ha BocroKe. BosNaox{Ho, rrro r4MeHHo c :rofi
soHofi cBr3aHo cpopurapoBaHr4e ueroro pflila rr4AporeoxuMr4rrecKr4x aHoMa-
tuit s c lrHKrrr.r HaJr b Hbrx np o ru 5 ax E axir,nyrc rco fi K orro B r4 Hbr.
C rry6uHHblMr4 pa3:roMaMr4 orrperereHHbrx HarrpaereHufr cBfl3aHa He
TOTbKO fI4ApOfeOXUMUrreCKafl 3OHaIbHOCTb, HO r{ pa3lr,rr{Hbre Tr{rrbr MI,IHe-
paIH3auIrI4, CKOfIIreHI4f yfreBOtrOpOAOB, rrpoflBreHkrfl MrlHepaJrbHbrx H ilpo-
MbIIrIrIeHHbrx Bo,q. lloeronry perxeHr{e Borrpoca o ilpocrpaHcrBeHHo-
BO3paCTHOM COOTHOrrreHZr4 3Tr4X pa3rOMOB r4MeeT ilpr4Hur.rilr4aIrbHoe 3Haqe-
HAe.
Hara6oree y6e4r.rreJrbHo yKa3aHHax upo6rreMa peuaracb AoHeuKHMu
reororaMz. HraNe [pr4BeAeHbr BbrBoAbr, ocHoBaHHbre Ha Marepuarax H3yrre-
Hur loueuKoro nporu6a u "nepexoAsofi 3oHbr" (ceeepo-3anaAHbrx oKparrH
dor-r6acca - no B. llonony), roropbre B paBHofi uepe crpaBeArr4Bbr 14 AJifl
{Henpoecxo-floueur<ofi BrraAuHbr.
B uacroflrrlee BpeM.f, pr3BecrHbr rpu ocHoBHbre roqKrr 3peHr4.q Ha fiocre-
roBarerbHocrb o6pasoe aHAfl 14 3Borlouuro uy6aHHbrx pa3rorvroB doHeuxo-
ro npornSa (ex:rro-uafl v ero "ceBepo-3arraAHbre oKpar4Hbr"). llo ilpeAcraBile-
Hr,IflNr n.14. CrenanoBa 14 I4.A. MafilauoBur{a [165, 166, 2541 3aro)KeHne 14
pa3Bl4rr4e pa3JroMon cy6l,tepn4lroHarrbHoro r4 ceBepo-3arTarHoro HarrpaBre-
urafr upol4cxoAr4Jro oAHoBpeMeHHo. M I. IeeeFrurefiH rz I.fL HecrepeHxo
U57l BbrcKa3brBairrr MHeHne o roM, vro cydMepr4Ar4oHarbHbre pa3roMbr no
orHorxeHr4ro K pa3roMaM ceBepo-3arTaAHoro npo crvrpaHz.fl BrflIorcs 6oree
MoroAbrnru. OrHaKo noAaBrqroilree 6orrrur4HcrBo r4ccretroearerefr 120, 25,
32,251,259,266 v Ap.] i lpr4rrrrur K BbrBoIy o Soree ApeBHeM 3aro)KeHnu
loilepeqHbrx, cy6nrepraAr4oHaJrbHbrx pa3JroMoe. I4N{eHHo raKofr esrrql pa3-
rer.f,ercfl u aBTopoM. Ha ux 4oxenr6puficxoe, Bo3MolKHo, - paHHeilporepo-
:oficxoe 3aro)KeHrre yKa3brBaer He rorbKo pe3yJrbrarbr rry6uHHoro ceficvo-
3oHAHpo BaHufl 12661, Ho 14 coBrrareHr4e flpocrr.rpaHur cy6uepr4AuoHarbHbrx
pa3JroMoB c opr4eHrupoBKoil Aoxetr6prafrcxr4x crpyKryp VrcparaHcKoro ulura
u BopoHelr(cKoro Kprrcrarrr4rrecKoro MaccHBa.
3aroxeuve pa3roMoB ceBepo-3arraAHoro, "Aoueuxoro" Ha[paBreHlfr
npolr3orrrr-o, BLrJJr4Mo, B treBoHe. SIsnxscs HaJro)KeHHbIMa rto orHorueHl4ro K
[olepeLIHbIM pa3IoMaM, oHr,r eue co cpetrHe-[o3AHeAeBoHcKofo BpeMeHH
npuoSperaror rloMl{Hr.rpy}ouee 3HaqeHr4e B reoJ'roru{qecKoM pa3Br4Tt4rr npo-
rv6a. C uunrz, B ocHoBHoM, cB-fl3 aHa v ruAporepMarbHa n py rna.q MHHep atv-
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3ar\r4fl B nopoAax pa3rr{qHoro Bo3pacra (HvrxuroBcKoe pryrHoe Mecropox-
AeHr{e, pyAonpoflBlreHnfl. dpyNxoecxo-KoHcraHTr4uoecxofr aHTnKrrr4narrv,
C:raesHcKoro 14 Eer-fleecKoro KyrroroB, llor<pono-KupeeBcKoro ropcra 14
Ip.), feorepMl4r{ecKl4e (e rolr r{Hcre rr4AporepMr4r{ecKue) aHotrarkrtr, a raK}r{e
otlafl4 pa3rpy3KlI BoA uy6oxux ropr43oHToB, oSoraueHHbrx Mr4Kpo3ireMeH-
TaMr4I,{ ra3aMl4. B Hacrostrlee BpeMq B 3oHax myduuHbrx pa3roMoB ceBepo-
3anaAHoro HailpaBreHr4s ilo raHHun reo$r,r3r4qecKr4x cbeMor< Sraxcupyrorcfl
Hoeefrtrrue v coBpeMeHHbre reKToHrar{ecKrze trBr4xeHr4fl. pa3rrlrquofi Ha[paB-
JIeHHocru. Bce 3To cBl4AereJrbcrByer o rrocroflHHoM iloAHoBreHvrl\ "x{trr3Hr4"
3Tr{X pa3roMoB B TeqeHr{e Bcefo nepr4o,\ar4x cyulecrBoBa}lr4fl.
Taxnnr o6pasol,r, frrylnHHbre pa3JroMbr ceBepo-3ailaAHoro rrpocrr4-
paljnfl, flBJl-fl-scb OTHOCT4TeTbHO M rrOAbrMU, r4rpArr4 r1 npoAoDr{a}oT LrfpaTb
5o.ree BDI{Hyro porb B sBorrorrr4tr fr41pocSepu, BKJrroqax Sopnu{poBaHr4e ee
reoxlrMrrqecKnx oco6eunocrefr , o5pasoe a:a:ae rr{AporepMarbHofi nauuep arn-
3arJr4Lr 14 p a3pyueHl{e M e crop oxleH u il rro Jre3Hbrx 14 cKorraeMbrx.
B lnenponu<o-f,oHeuKoM aBJraKoreHe [rr4KarrrBHar reKToHr4Ka rrper-
craBrleHa pa3Hoo6pasurrnru SopMaMH, pacrpeAereHr,re Koropbrx B pa3rr4r{-
HIIX rlacr.qx perl4oHa onpererflerefl ocobesuocr.flMr4 trx feororraqecroro
pa3Br4Trrf .
Cpe4z cKraArrarrrx crpyKTyp Noueqxoro uporu6a ocHoBHbrMr4 flB-
r-srorcq ruHefinue cKJratrt<u. Hav6oree KpyrrHbre H3 Hr{x: fraena.q, Kyfi6rr-
IrleBcKo-HeceeraeBcKafl , Haroruuo-TapacoBcKafl , Kornaxoecxo-3aNa q ,ToB -
cKa-q, 3yencxar lr r{epHyxr{HcKafl aHTvrKrrrHarrz, gucrxxoso-CHe)KHqHcKar,
LUaxrIancxo-HecBeraeBcKafi:, Boxoeo-XpycrarbcKafl cHHKlr{H atkr. Ha
Kpblrb.flx uporuOa pa3BI4Tbr MeJiKrre cKrarKr{, orpaxarculue 6:roxoertil xa-
paKrep cKJroHoB yKIl] 14 BopouexcKoro MacctrBa. CxnatrLrarocrb Ao-
HeuKoro nporu6a I4Meer qerKo BbrpaxeHHyro 3ana4Ho-ceBepo-3arraAHyro
("4oHeqKyro") opl4eHrr4poBKy (prac. 1.1), coBilaAaroulyrc  HarrpaBreHlreNr
pe rr4oHaJrL, Hbrx rny6 rauubrx pa3ro MoB.
B 3analuo-loueuKoM rpa6eHe (nepexolHofi 3oHe Me)Kry Aoueurcznr
nporu6oM I{ AAB) cruaAqarocrb rro Qopruanr H rrpocrpaHcrBesHofi opr4eH-
TI4poBKe BecbMa pasHoobpa3Ha, r{To orpax(aer ilpoMe)KyrolrHoe rrorox{eH?re
3rofo pefl4oHa Me)KAy AByMfl BHyrpeHHkrMrt Mefa0TpyKTypaMr{ aBraKofeHa.
OcHoeurIMI{ cocraBJlflroulzrMvr rpadeHa .qBrflrorcr BaxnlyrcKa-rr pt KamuLryc-
Topeuxa.fl KorroBHHbI, B r(oropbrx pa3Br4Tbr orHocurerbHo KpyilHue ruseil-
HbIe cKTaIKLI (lpyNxoecxo-KoHcraHTuHoBcKafl, ApreuoBcKaq, Ovepernu-
c Ka.fl , [p o uon c Kafl aHTr4Krrr4Haru. KpanraropcKafl , gac o n - flp cxan, C etro rop -
CKA' C', I  H KJIHHA,' ]  H).
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duenponcxo-loHeuKa.fl BrraAuHa orrr,rqaercq 6oree cnorcofinr,rnn xa-
paKTepoM nJrl4Karrreuofi TeKToHr4Kr4. 3lecs npeoSraAalor cor.qHo-
KynorbHlle cTpyKTypbl, tIpOTflrl4BaIOIUHeCfl BAOIIb 3OH perIIOHaIbHbIX pa3-
roMoB ceBepo-3anaAHoro HanpaBreHr4-fl. B nrex<xyilorbHbrx npocrpaHcrBax
o 6 p as o e alrr4cb c H H Krrr,I H arrr, B n aA 14 H br r4 K o rr o B z H br .
Maz.v amlrsM u rv.aKaHusM
B ucrop r4v p a3Brnun []uenp oB cKo -loHeqxoro aBraKoreHa BbrAer.f, ercfl
Tpvr 3Tafla MafMaru.{ecxofr Ae-f,TerbHocrr4: IocKJraAuanstfr, cKnaAqarr,rfr kr
rrocrecKrraAqarbfi 136, 1 2B].
lleperrfi 3Tan orHocr4Tcq Ko BpeMeHH 3apo)KAeHr4fl ApeBHero ptrcpra e
cpeAHeM-rIo3AHeM treBoHe. lrx Hero xapaKTepHo odpasoea:nLre rueroqHo-
ocHoBHbx ra6SponrHr,rx, 6asalrrorrtrHbrx u rueroqHbrx ocpcpysraeoB, a raKx{e
4ua5asoe. MarNaarl4r{ecKafl ileflTerbHocrb 6rrra cB-fl3aHa B ocHoBHoM c 30-
H aMI{ Kp aeB bIX (B ap aHoBr{r{ cKo -Acrp axaHcKoro u llpunxrcxo -MaHr,rvcxoro )
pa3JIOMOB, nO KOTOpbIM Vr3rIdBAIrr4Cb IrIerOrrHO-yIbrpaOCHOBHar, UeIOqHO-
Sasarrror4lflr^afl, rpaxu6asarbroBas pr rorevn-6azatbroBa.fl MarMbr. Torerar-
Sasarr,roBble HHTpy3Lrv, ilo-Br{Ar4MoMy, vMeIrv Mecro 14 B 3oHe Oceeoro
pa3rro l {a  11281.
XapaxrepHafl rrepra AeBoHcKr4x r43Bepxeuufi - HaKoilreHr4e orpoMHbrx
rorul nupoKracrl4rrecKoro Marepvarra ra Srrcrpar cMeHa $auufi B pa3pe3ax.
3ro, rlo MHeHraro 3.M. Lfli lxeBu.t 14 T.B. 3anrqronofi (1917), flBrrflercfl. cBkr-
IererlbcrBoM Toro, rITo "...Iz3neplKeHlrfl IrpoHcxoilLrrr4 r43 a|IflaparoB UeH-
TpaJrbHoro rurra, Koropbre HepeAKo o6pasonbrBaJrrr ueilor{Kr4 Btrorb rry6r.ru-
HrIX pa3roMoe". llo HX [peAcraBJreHr flv^- r43Bepx{eHHbre Maccbr, BKruolra.q H
KoHeqHbtfi npo4yKT pacKpr4crarr rrzt:,ar\vu - nerreJr, HaKarrrvBarrueb s6tuzu
ByrKaHI'IqecKI,IX nocTpoeK. B resoHcKr4x orJrolKeHr4.flx coxpatnil:acb ocraTKr4
ByrKaHHLIecKux arilaparon (cc. HuxoraeBKa, Honorpor{uKoe 14 Ap.) [154],
r{To yKa3blBaer Ha cnpaBeArr{Bocrb raKoro ilpeArroro}KeHr.{x. [lpu SToM N{ar-
M?, pacTeKaloilIa_flc.s fro pa3pbrBHbrM HapyrueHttfll./) BHeAprracb Bo BMe-
ualoulue flopoArr, o6pa3y.q B Hr4x rrracroBbre 3aJrexu u Aafrrcu. tr4:nepxeH-
Hbte ilopoAbl [epBofo 3Tana MarMarr.r3Ma xapaKTepr,r3yrorcfl o6oraueHHo-
crbro x{ere3oM, TZTaHON,I, HI4KerIeM, xpoMol,r, r<o6arbroM.
Bropofi 3TarI MarMarr,r3Ma npuxoAr4rc-tr Ha KoHeu [areo3os v 6ttt cBr-
3aH c cpopuHpoBaHrreM ocHoBHbrx cKJralqarbrx Ar4croKaqufi pervroHa (saairt-
cKaq r,r n(tamucKat cpassr epur{HcKoro reKToreHe:a). B reqeur{e 3Toro fTa-
na o6pa:onblBarl,Icb rueror{Ho-5a:arurou4uufi v aHAe3r4T-Tpaxr4aHAe3uro-
ettfr rcourlJteKcbl H3Bep)KeHHbrx nopo4. B loHerlKoM rrporw6e ilopoAEr KoM-
a a/,)
nJIeKca oSpa:yrot gaircu, ilrroKr,r 14 Me)K[JracroBbre nHTpy3r{pr, Koropbre 3a-
reraror cp eAr4 KaM eHHoyro JrbHbrx orJrolx euufr .
B luenpoecxo-floseurofi BnaAp{He, a raK)Ke a "nepexoAuofr 3oHe" co
cKraAqarblM 3TanoM MafMarr,r3Ma cB.fl3aH col-guofr l\r4arrnpr43u, xoropttil
conpoBolxAarlcfl BbrHocoM o6lonrxoB rr rrbr6 wta6azoB B KenpoKr4 cor,flHbrx
IIrroKoB. A6comoruufi Bo3pacr u3BepxeHHbrx ilopoA pr3 corr.sHoKynolrbHbrx
crpyKTyp, onpeAe:reHur'rfi xatufr-aproHoBbrM MeroAoM, cocraBr set 31 3t1 3
- 414!14 MJIH. ner [ 28], rrro coorBercrByer BpeMeHr4 npoflBreHr{-f, AeBoH-
cKoro ByJlKaHIr3Ma. B rpeAerax reppuropr{H r4ccJreAosauuil 6percvrar rr3-
BepxeHHbrx ropoA BcrpeqeHa Ha AAaNroecxofr, Kopyrucxofi, llerponcxofi,
Eer.qeecxofi, KpacHonaBJroBcKoit u HeKoropbrx Apyrlrx crpyKrypax. Cne-
qra$v.lecxofi reoxl4Ml,Iqecxofr ocodeuuocrbro rr3Bep)KeHHbrx nopotr Broporo
STala MafMaTI43Ma flBIflerCfl TIOBbIIITeHHOe COAepXaHr4e Karkrfl, l'lArHvrfl, Tr4-
TaHa, ulrpKoHlrx, uuo6vtx, pySttgLtr rr petrKr{x 3eMerb. B ro }r{e BpeMfl, B Hr4x
oTMeqeHo yMeHbIrIeHI4e, IIO CpaBHeHrrro c nopotraMr{ [pelbrAyuefo ?Tara,
coAepx{asnfi e:reMeHToB rpyrrrrbr }r(ere3a I I 54]
Tpewtfr DTan MarMarl4qecrofr le-flTerbHocrr{, rrpoucxo xs::r.eil B ycJro-
BLrflx aKTI{BII3ar\vr4 KoHcorrzlr4poBaBilrefrc.fl cKraffrarocrr{, uau6olee ilpeA-
craBI4TeJIbHo BbrpalKeH Mrayccxunr KoMrrreKcoM,raunpo$r4poB, rcoropufi
orHocr,ITcq K rueroqHo-5a:amroBoMy rr4T\r. Os crox<eH aBrHToBbrMr4 ilop-
cpupnrantl4' KaMnroHHTaMH, MoHrrwKr4TaMvr, gua6azaMvr, ra66po-4*ta6asaul^,
fir4KpI4roBbIMI4 uopQnpuraMrr. Bo:pacr 3rrrx ropoA, onpeAerenutifi rcamtil-
aproHoBblM MeroAoM, cocraBrfler 160+12 lr.tu. rer [ 54), qro ro3Bor.fler
orHecru HX K oAuofi H3 Kr{MMepuficxux ("AoueqKux" - rro C. By6uony) $as
' .( J3 - K, ). L' ?rI{M rIepI4oAoM cB.q3aHo 3aryxaHr{e cKJraAqarocrkr u o6pasona-
Hl{e pa3JIoMoB? rlo KoTopbrM B 3eMHyro Kopy rrpoHr4Kalru lelolrHo-ocHoBHr,re
N{afMbr.
Ilpn paccMorpeHrrr4 oco6esuocrefr MarMarr43Ma /{HeuponcKo-
loHeuxoro nareopn$ta, Herb3fl He orMerrrrb npocrpaHcreeHuofi v Bpe-
nteHHofr cBr3r4 Mex(Ay I43BepxeHHbrMr4 r{ raJToreHHbrMr4 [opoAaMu, cBfl3t4,
Koropafl xapaKTepHa AJr.f, 6orsruzHcrBa KoHTr4HeHTarbHbrx pz$roB pr aBra-
KoreHoB urapa [39, 184]. lefrcrazreJrbHo, coJreHaKorrrreHue B rareopraSre
rlpol4cxoAl4rlo B ABa 3Tara - B cpeAHeM-rro3AHeM AeBoHe r{ B paHHefr neplrra.
B ero )I(e BpeMq orMerrarucb u nan6orblrrlle BcnbrrrrKr4 N{arMarLI3Ma, rrph-
ypoqeHHbre, c oAnofi cropoHbr, r SperoHcxofi, a, c Apyroii - K 3aarbcxofi n
ntbamucxofi Sa:aM TeKToreHe3a. B AeeoucKr4x r{ repMcKpTX reororr4r{ecKux
pa3pe3ax ps4a corlf,HoKyrrorbHbrx crpyKryp AAB orMer{eHo KaK B3ar4MHoe
QaunanrHoe 3aMeureHl4e IIJracroB corr4 14 r43BepxeHHbrx flopoA, TaK u 3aMe-
uIeHI4e nraruoKra3a gua6azoB rarrrrroM, rr4rrcoM r.r aHrrzApr,rroM 11641. V.ru-
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TbIBa.-q, qTo HacbltueHHble HaTpneM v KaJrr4eM [IeIorIHbIe [ocTMafMaTuqe-
cKr4e pacrBopbr o6brr{Ho coAepN(ar 14 cBoSoAHbrfi xJrop [55, 335,369f,, ouvr
MorJru crarb ocHoeofi Qopuup oBa:uufl xropuAHo-Harpr4eBbrx paccoroe. llo-
creAHI{e,, flocryrlafl, B pa3orperyro crpyKrypy pra$ra, Srrcrpo wcilaprrrrcr, c
o6pasoeaHl4eM KaMeHHoit u rcarrufinofr colefi. IrluesHo 6naro:fap.a etrcoxoil
reMneparype rox{a pra$ra B IeBoHe u rrporu6a e rrepMn, coxpaHqeuefics e
TetIeHLTe MI4TTI4OHOB fler, Mofra? fIO MHeHr{}O aBTOpa, [pOLrCXOAtrTb I,IHTeH-
cl.{BHa-fl caAKa uIacroft, fIorITr4 rurueHHofi TeppI4feHHErx qacrl,Iq, a TaK)Ke
c,'IeAoB Sayulr ra dl,roptl, corz. llo-euAuMoMy, yKa3aHHbre npoueccbr ilpo-
HcxoAIrrH B MopcKoM OaccefiHe. O4nar<o, BbrcKa3aHHar oqKa 3peHr4q
rtrlrlb [peArroro]KeHrre o Bo3MoxHoM MexaHr.r3Me coreHaKorrreHr4fl. Henpo-
crofi Bonpoc o reHe3l4ce MorUHr,rx rorul coJrr4 e pr,rcproreHHbrx crpyKTypax
CIUC O}KI,{IACT ilPABI4JIbHOfO OTBCTA.
1.2. OcnoBH[,re qeprbr Meranr.roreHrru reoxuMrru
luenpoecxo-f,oneqrcufi aBraKoreH .flBrlf,ercfi oAnofr r43 sar(Frefrulrx
MeranrofeHl4lrecKr4x oOracrefr Bocroquo-Eeponeficxofr nrar@opnau. Pa:-
MeureHue pyAHofr nrraHeparlaaur4n KoHTporr4pyerc-s 3Aecb roJrroxfl4Byrur4Mr4
rrySuuublMt'I pa3JIoMaMI4. B coorBercrBr4r4 c HanpaB,TeHr.reM Koropbrx Bbrrrle-
rflrorcq pyAoHocHble 3oHu. OcoSoe 3HalreHr{e ilpr4 3ToM r4Meror y3rbr nepe-
ceqeHt{t pa3roMoB pa3rr4r{Hbrx HanpaBrrenvtit, B Koroptrx o6trqHo pacilora-
ralorc.fl uauSo:ree KpyrrHbre 3HAoreHHbre MecropolKAeHr4.fl r{ pyxonpoflBre-
H14fl.
Opy4euenr.re [peAcraBreHo, B ocHoBHoM, fr4ApoTepMarbHo-
MeTacoMaTI4r{ecKI4M, fI4ApOTepMaJIbHbIM 14 CeII4MeHTOfeHHbrM feHeTHrIe-
cKI{Mn rLrrraur, cpeAr4 Koropbrx BbrAersercfl HecKorbKo pyAHbrx Qopnrauafi.
K nepeoia uz reHerl{qecKr4x rpyilil orHocr4Tcx $opuauvfl pyAoHocHbrx
cKapHoB. Ona pI3BecTHa B 3oHe coqreHeHzr {oueuKoro nporuSa c llp"-
a3oBcKI,IM accl4eoN{ YKIIL TAe cKapHr4poBaHr,rro r oABepxeHbr rropoAbr Kap-
SosarHofr ToTIUII4 Hr4xHero r<ap5oHa, Koropbre KoHTpornpyrorcq pa3-
pbIBHbIMI4 crpyKrypaMl4 fOx<uo-/{oneuxofr 3oHbr pa3xoMoe. Cxapubr r.rMeror
xere3o-MerHo-KodarsroByro cnerlr4aJrr43ar{uro 14 [peAcraBreHbr MrrHep amr-
galluefr MarHerI4Ta, reN{arr4Ta, xarbKorrrtpr4Ta, 6opur.rra, xarbKo3r4Ha, Mo-
tu6 iletlwra' ro 6 ar broHo cHoro rrLrpvr a, f arre HHTa, cpruo pr4T a [ 3 I 6 ] .
f op as4o rrll4p e Irp eAcraB JreHbr Mecrop o)KAeHlr.fl rr4Ap oTep M arbHoro re -
He3l4ca, t{rparoul4e ocHoBHy}o porb B MeraJrroreHr4r4 perr4oHa. Cpeeu Hr4x,
6e:yc.roBHo, BeAyilIee N{ecro rpuHaArex(r{T pryruofr py.qnofr cpopnaqnv1 B
rcoropofr Bbrtrerlflrorc.q KBapu-aHTr4MoHr{r-Kr4HoBapHbrfi ( rzrcr4ToBcKoe pyA-
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Hoe rore), rr4KKr4r-Kap6oHar-Kr.rHoBapHbrfi (lpyxroecxo-KoHcraHrlr-
HoBcKoe pyAorrpo.{BJreHue) ra xap6oHar-KuHoBapHbrfr (lorcyqaeBcKoe pyAo-
npoqBreHrae) rrrrrbr [5 1 5].
3o:roro-cyruSra4uar Sopnrauzr, pa3Br4rafl B npetrerax Haro:n,uoro
py.[Horo rlor-fl' c$opuzpoBanacb Ha ilepeceq eHvrr4 I]eurpansHo-loueuKoro
u EraH.{zx-PoeeHbKoBcKoro rny6r4HHbrx pa3xoMoB, rAe o6pa:onarrr4cb 30-
:-Ioro-cyJlrSugurre 14 rroJrr4Merarrp{qecKr4e pyAorrpo flBrrennfl.. OcHoeHbrMH
pyAHbIMI{ MI4HepArrAl/lkr:rOfi sOpir4aUr{r{, nOMr4MO 3OJrOTa, flBrrflrorcfl csane-
pvr, rareHltr, 6rexrue pyAbr. XaparrepHo rrpr4cyrcrBne nlrpnra, apceHorru-
pr4Ta, rr4,qpocrroA, aHKepr{Ta, KBapua, Aou6accr4Ta, KaJrbuura [3 1 6].
PryrHo -rorl4 M eraiull4llecxaq pyAHar $ op nr arJr4fl rrp ercraBre Ha 6zryu -
uo-rapSoHar-KHHoBapHbIM I4 xap6ouar-raJreHrrr-c$aneprrroBbrM Mp{Heparrb-
HbIMtI Tr'7naMr4 v npzrypor{eHa K KyroJrbHbrM crpyKrypau Ceeepo-3anaAHoro
loudacca u [t.R, pacrroJro]KeHHbrM BAoirb cy6ruuporHbrx pa3roMoe (Eerr-
eBcKafl, CraeqFrcxax, KopyrbcKa.q v tpyrute crpyKrypbr).
llornn,lerarruqecKa{ pyAHaq $opuaqrar, Koropafl xapaKTepr{3yercfl
HarI4rII4eM AByx Mr4HeparbHbrx rr4noB: KBapq-rcap6oHar-noruMerar-
rplqecKoro 14 KBapll-xropl4T-aHKepur-rroJu{Merarrur{ecKoro pa3B}rra s Ha-
roJIbHoM pyAHoM y3re, B 3oHe coqJreHeHr4fl loueuxoro nporn6a c llpr-
a3oBcKI4M accl4eou VKLU vr Ha Ceeepuofi aHrr4Krr4Harr4. Vqacrr<u Mr4Hepa-
tr43ar\\rr4 K o HTp orrr{py}orcr co orB ercrB eHHo I {eurp amuo -flone uKuM, lOx-
Ho-loueuKl4M ra Cenepo-floueuKr{M pa3roMaMa. Ecru yKa3aHr4fl Ha HaJrr4lrr4e
opyreHeHrrfl srofi cpopnaaunu vr B 3oHe rry6uuuoro MyrureroBcKo-
llepcraauoBcKoro pa3rroMa [2 1 5].
O:to op raroB afl Q opu au r4fl np e AcraBreHa rp eMfl Mr,rHep ar b HbrMr.r rr4na-
NIr{: rcap6oHarHo - (nonenorunaroeo) - cpruoopr4roBbrM? Karbqr4r-Sruoopn-
roBr,IM I4 KBapu-cpnroopraroBbrM. flepnrrfi rr3 HHX xapaKrepeH Ar.q lloxpono-
KnpeeecKoro MecropoxAeHr4r Sruooptzra, pactroroxeHHoro B y3re repece-
qeHplfl fOxtno-loHeuKoro u Erauqnx-PoBeHbKoBcKoro ry6uHubrx pa3ro-
MoB. fraeHltMrr MI4HepaJraMrr qBrqrorcr $moopr4T, KaJrbuHT, AoroN{r,rr 14 rro-
reBble ilrrarbl. llorruruo HHX Bcrpelrarorcfl cepr4rrrrr, xn?p{, xJropHT, He-
cperrzu 14 HeKoropbre rpyrr4e Mr.rHepaJnr [178]. Kanrqur-cprrcopuroBr,rfr un
pyeuofr Ml4Heparrnar\Lrr4 pa3Brrr KaK B 3oHe IONHo-loHerIKofo KpaeBoro
pa3nol{a (nxrrouas u lloxpono-KrapeeBcKoe Mecropo)KtreHue), rax r{ B 3oHe
Cenepo-loueuxoro KpaeBoro pa3roMa. B rrocJreAHeM cryr{ae opyAeHeHr,re
npuypoqeHo K H3BecrH.flKaM cBr4Tbr c] e ceBepHofr sose uelxofi cKraAlraro-
cru. @moopur odr,tqno Bcrpeqaerc.q 3Aecb BMecre c AaKKr4ToM. Keapu-
Qrrcopurosbtfr rl4n opy.qeHeHr4-fl ccpopnarapoBarrcfl npra Qnro opr4rvaaur4r4 KpH-
cTajlJiu4rr ecKI4x n op oA.
26
flonrvnto yKa3aHHbrx, B perr,roHe [oryr{r4rrr, pa3Bvrrlre v Apyrr,re pyAHbre
Sopuauuu rv1porepMarbHoro reHe3r4ca. Cpe4u Hr{x BbrAeJrfl}orc.q: cypbMq-
uan, 5apr4ToBafl, Surytr-xap6ouar-cynrQrz p'Hafl [3 16]
K r{I4cry ceruMeHToreHHbrx (co 3Har{r4Telruofi lo:refi ycroBHocrz)
MolKHo orHecrl4 Sopuaur4ro MeAucrbrx [ecr{aHr4Kos uuxHefi nepMr4, Hakr-
6olee florlHo rIpeAcraBJIeHHy[o e Eaxuyrcxofi pr 3HarrvrrerrbHo MeHbrrre - B
Karsvnyc-Topeurofi KorJroBrrHax loH6acca. O reHe3r4ce pyeuofi Mr4-
Heparl43arrvtr:rofr Sopuaur4u :ner LrerKoro rrpeAcraBJreHr4-s, nocKorbKy or-
Hr4 VQCITeIOBaTeII4 OTHOCflT HX K fr4lpoTepMarbHbrM, a Apyfr4e - K ocaAoq-
HrIM oSpasonaHr4flM [153, 155]. Cxopee Bcero - reHe3r4c SopuarJvrlr Mert4-
crblx [ecLIaHHKoB flBrflercfl rrrAporepMaJrbHo-ocaAorrHrru. llpra 3ToM Merb-
coAep)Kaur?re pacrBopbl nocrynarrkr no pa3pbrBHbrM crpyKrypau llpurrflrcKo-
MaHtt.IcKoro pernoHarbHoro pa3roMa (Arua:Hufr u MyruxeroBcKo-
flepcvaHoecxzfr uagsvru) u, nonaAaq B MerKoBoAuufr ilo3AHenepncxzfr
uopcrcoil Saccefru ) Tepflrtr MeIb 14 corryrcrByrour{e 3rreMeHTbr Ha cepoBoAo-
po.qHoM reoxrrMr4qecKoM 6aprepe [286].
3a zcrcrrcrleHueM IrocreAHefr, nce yKa3aHHbre pygHrre rpopu auvrh pe-
fI,IOHa Or{eHb qerKo KoHTpoJrr.rpyrorcfl pa3pbrBHbrMr{ v aHTr{KJlr,rHarbHbrMtl
reKToHIIqecKHMI4 crpyKrypauu, o6pa:yx rn6o rnuefino BbrrfiHyrbre py-
IOHOCHbTe (nrera;rrofeHr,luecr<rae) 3oHbr, tu6o r43oMerprrrrHbre y3rbr (e uec-
Tax 83aL{MHOfO iepeceq eHVfl pa::rouon).
Py4Htre QopMaIIvw peil4oHa [oirrrxpoHHbr. @opnrupoBaHr4e r4x cBfl3aHo
c repul{HcKl{M 14 KtlMMepufrcxznr reKToHr,rqecKr4Mr4 3TarraN,rur. flpuveM Me3o-
xafiuogofrcxax reKToHI,IqecKar aKTHBr43 arryrr Bbr3Bara o6pa:oe atvre uauSo-
ree KpynHbrx rr4trporepMarbHbrx pyAHbrx cpopuaqzfi: pryrnofr, 3ojloro-
pryruoil, pryrHo-rloJrr4MeraJrJrr4rrecxofi u Qnroopuroeofi 1179, 195, 2211.
3ro, ilo-BI'ItrI4MoMy,, 6rrro cB{3aHo c rTpoHr4KHoBeH}reM Ha cra1r4r4 3aryxaHr4fl
MarMarI43Ma Hal46oree reryr{ilx npoAyKToB Aera3 ar+ilr MaH:Trrr4 K iloBepxHo-
crtr [ 1 95, 221]. B pe3yrbrare, rroM?rMo pyAHoro Mr4Heparoo6paso BaHvr,
flpol4cxoAlrJro $opr,rrapoBaHrre reoxr{Mr,rqecKr4x aHoMarr,rfr n nopo rax 14 nor-
3eMi{brx BoAax.
Eom'ruuHcrBo feoxl4Mr4qecKnx auouarnfi pa3rurrHbrx rr{floB r4Meer
MHoroKoMnoHeHTuufr cocraB. Ha6molaerc-fl Harolr(eHr4e rnAporeoxr.rMr4r{ec-
KHX, arMofeoxl4Ml,IqecKrrx H 6noreoxr4Mr.rqecKux aHoMatwfi Ha rr4T'oreoxr.{-
MI{qecKI4e. Oopua reox[IMr4rrecKr4x aHoMaJrr4fi o6trquo orpaxaer rTpocrr4pa-
HI4e 3OH Ml4Heparr43arryrr4 B ilopo.qax r4rrr4 HanpaBreHr4e pa3pbrBHbrx Hapyue-
ttufr, rlo KoropblM npol4cxoAr4T rrocryflreHr4e rry6uHHbrx cpnrov4oe. gaue
Bcero aHoMarII4a Sopul4pyrorcf B rTpeAeJrax aHTvrKrr4HarrbHbrx crpyKryp H
o6pasyror 3oHbI, KoHTporl4pyroilIr4ecfl perr4oHarbHbrMr4 :ry6uHubrMr4 par-
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roMaMI,I. KaNlaq vr3 TaKI4x 3oH I'IMeer cBoro feoxl4Mar{ecKyro cfleul4aJlr43a-
ur{rc.
llo u unto H3yrIeHI4f, rrp o crp aHcrBeHHoro p aciloro)Ke Hr4-[ re oxr4Mr,rqec-
KHX aHowarvit u cocraBJreHrlfl pa3xurrHbrx JrHTo-, fl4Apo- 14 ra3oreoxnMurre-
cKI4x Kapr, B pernoHe BbrrrorHeHbr Bax(Hbre repuo6aporeoxr4Mr4r{ecKr4e 14
u3 oToflHof e oxnMI4r{ecKI,Ie I4cc JreAo BaHr4fl 1, a raK)Ke p a:p a6 oraH br f eoxzMl4rle -
cKI4e MoAenI4 rlpoqeccoe o6pa3oBaHufl ealKHefiur{x rulporepMarbHbrx Me-
cropoxrenvfr [138, 218,221,2891. lloryueHHbre B pe3yrbrare 3rr4x r,rccre-
:foeaHlafr AaHHbre cBr4neTelrbcrByror KaK o ferepofeHHocrr4 H norr4xpoHHo-
crl4 rrcror{Hl4KoB xuMlrqecKr4x 3rreMeHToB 14 aoeg.zrueuvit, TaK I4 o crro)KHocrr.{
npoueccoB MaccorepeHoca v Mr4Heparoo6pasoBaHLrfl, nporeKarournx B He-
.4p ax /]oneqr<oro rrp orr,r 6 a u roro -B o cro.rHofi qacrvr AAB .
1.3. fuaporeororurrecKue crpyKTypbr, BuAbr KorreKTopoB r.r
oco6euuocrrr AlrHaMuKrr roA3eMH[,rx BoA
B npe4enax lHerpoBcKo-[oueqr<oro aBJraKoreHa cSopnazpoBarc.q or-
uolrnreHnrrfi 6accefru HarropHbrx BoA nepBoro ropqAKa, B KoropoM Bo-
IOHOCHbIMI'I flBJT-qIOTC.f, IIOCKU, TpeIIII4HOBaTbIe ileCr{aHI,IKI4, aII9BpOILITbI, I43-
BecTH.f,KI4, MeprerbHo-r{eroBbre nopolbr. Bo4oynopHbre rorruz [peAcraB-
reHbl frII4HaMr{, apfl4Jrrr4TaMtr .I cor-flMu, nau6oJlbluee 3HaqeHp{e r43 Koropbrx
I4MerOT pefrroHalbHo BbrAepx(aHHbre Hr.rxHefrepMcKa_f, v BepxHeAeBoHcKafl
rarroreHHbre Qopuau wtr 113 11.
fra4poreororrr-fl loH6acca 14 rcro-Bocror{Hofi qacru nAB y)Ke AoBorb-
Ho fIoApoSHo onncaHa [69] Tenr vr\r rlHbrM ee acneKTaM rrocBflrrleHbr MHo-
rorl l4creHHbre pyAbr [10, 70, I34, 17l, 7]2 v Ap.]. l lo:rouy B N{oHorpacpura
rTpI4BeAeHbI ,Tnrrb uan6oree xapaKTepHbre rr4AporeororuLrecKr4e oco-
6eHHocu4 peruroHa.
B lHenponcxo-loHeuKoM BoroHaropHoM 6accefrue roA3eMHbre Borbr
coAepxarc-q B pa3nlrrlHbrx rulAporeoJrorrzqecKnx crpyKTypax (noe KoropbrMr4
aBTOp IIOHI4MaeT TeKTOHUqeCKZ OfpaHHr{eHHbre feoJrofr{qecKr4e CTpyKTypbr C
oAHorIlnHbIMI4 ycroBr4.qMr4 3aJreraHrtr,Ir4HaMHKra, SopnrupoBaHr.rr pecypcoB
I{ cocraBa roA3eMHbIX eoA). Hara6oree xapaKrepHbrMu H3 Hr4x An.fl 6omruefr
qacrlr doueuroro nporn6a qBrflrorcfl Maccr,rBbr uracToBo-TperuuHHbrx vr
rpetuI4HHbIX eoA, a Arrr 3anatruo-loueqxoro rpadeHa vr AAB - Marbre apre-
3uaHcKlre 6accefiHbl rrracroBbrx BoA [172]. Kax ilpaBlrro, roKarbHbre rr4Apo-
reoJlort4qecKl4e crpyKTypbr r4Meror cBor4 oSnacru ilvrraHVfl, TpaH3vrra u pa3-
rpy3Kr4 1179, 2431.
2B
fla4poreororr4r{ecKr4 pacKpbrrbre rtporor{Hbre crpyKTypbr, Koropbre or-
ill4qarorcfl 3Haqr4re:nHofi SpoAr4poBaHHocrbro, rrzrrcoMerprrqecKlr BbrcoKr4M
rIorolKeHI4eM fr{ApofeorofprrrecKHx pe3epByapoB [r, BcJreAcTBHe 3Tofo, xo-
poruefi ilpoMbrrocr:blo - xapaKTepHtr Ar.[ "orKpbrroro xap6oua" {oH6acca.
r{acru.{uo pacKpbrrbre noJrynporor{Hr,re cTpyKTypbr oSpa:yrorcr Ha
KpblJIb.f,x KpynHblx npornSon vr Br,anvrH. 3ro saaSoree qacro Bcrpeqalo-
uafrsn rrrn npoMblBaloulLrxcfl crpyKTyp B paccMarpr4BaeMoM pefr4oHe, tro-
cKoJ'IbKy K Hr4M OTHOCT4TCfl kr SOlrUrnHCTBO MarErX apre3rraHcKr4x 5accefr-
HoB, c$opur,rpoBaBlxl4xcq B MelKKyrroJrbHbrx cr4HKJu,rHarlLflx 3anaAno-loHeu-
Koro rpa6eua z AAB 1241. 3axprrrsre cra6onporor{Hbre crpyKrypbr ceoficr-
BeHHbI uy6ornM, rIpaKTIrqecKI4 HenpoMErBarorUzMcs rracrsM BrraArrH Lr npo-
rn6oe, rrorpyx(eHHbrM Hr.rxe ypoBHq Mopfl.
floAgeN,{Hrte BoAbI, HaxoA-f,ruzrecfl B Tex vttt r{Hbrx rr4Aporeororr4-
qecKltx crpyKTypax coAeplKarcq B KoIIeKTopax pa3lr4r{Hbrx Br,rAoB: xtlrh-
HbIX, TpeurI4HHbIX, KapcroBbrx, rropoBbrx 14 [racroBbrx. Xulsutre KorreK-
Topbl pa3Brrrbl npel4MyruecrBeHHo B 3oHax oSeoAueHHbrx pa3roMoB perfloHa
(lJeHrpa:nuo-!oHeuKoro, Cesepo-AoHeuKoro? IOxHo-loHerIKoro, Ko-
pyJrbcKo-lpoHoncKoro, Myurxeroecxo-flepcr4aHoBcKoro r4 rp.). lerzxeune
roA3eMHbIX BoI B Hr4x ocyqecrBr.qercfl KaK cHr43y BBepx - rroA eosAefrcl-
BueM l-I4Apocrarl4qecKoro Harropa, reotrr{HaMr4r{ecKnx Hanp.q>r<euufr v IaB-
reHr4fl rry6uHusrx dtmor4AoB, TaK 14 cBepxy BHt{3 - noA Aei4crsheM rpaBz-
TAUI,IOHHbIX CUI.
TperunuHble KorreKTopLI I4Melor reKToHoreHHoe r{ 3K3oreHHoe npo-
I4cxoll{AeHue. Onra xapaKTepHbr Ir.{ [areosofrcKvrx vr MerroBbrx BoroHocHbrx
rorlq 5accefrHa. TexroHoreHHbre rpeurHbr pacnpocrpaH-f,rorcfl erry6r 3eN{-
Hofr xopbl Ha corHl4 r{ Tblc-f,r{H Merpoe. Ha 6orrurnx uy6nHax, rlc ropHbre
nopolbr HaxoAtTcfl B cocToflH.uu Hanps)KeHHofo paBHoBecLrfl, 3TL1 TpeilI?rHbr,
KaK rTpaBnro, coMxHyru. CorracHo I4ccreAoBaHlrflM aBTopa, B TeKToHHTIe-
cI{Ir HeHapyureHHbrx ilopo4ax xap6oua IfeHrpa:rbHoro loH6 acaa o$Sexrun-
Hafl rpeul4HoBarocrb 3aMerHo 3aryxaer y)r(e Ha rty6vnax 2500 - 2700 u.
HazSonee r,ry6oKa-f, TeKToHr4r{ecKafl TpeqnHoBarocrb xapaKTepHa Ars 3oH
pa3rroMoB r4 conpoBo)KAaeT r,rx Ha BceM npoT.sxeHr4Lr.
3xg oreuHble rp erur4Hbr B brB erpr4 BaHr4fl p a3 Br4B arorc-fl c no B epxHo crr4 14
o6r,t.{uo He npoHr{Karor rrydNe HecKorrbKr4x AecflTKoB MerpoB (acxruo-
LIeHI,IeM flBr-flrorcfl ylracrKtr ropHbrx esrpaSorox). OHu co3laror rycq/ro cerb
nolocreft, B KoTopbIX HaKafrrr4BaroTc.s AoBorbHo 3Har{r4TelbHbre pecypcbr
uHcpu:rsrpaur4oHHbrx BoI co ceodoAuofi noBepxHocrbro.
Kapcroerre KoJrJreKropbr xapaKTepHbr il;rfl pafrouoe pa3BrTr4fl Kap-
Souarustx tr faroreHHbrx orro)KeHwia. llpttquHofi ux cfopunpoBaHr4-q r{acro
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-tIBI-flIOTCt TeKTOHr4qeCKUe trUCrOKarJW, COilpOBOlKAalOUlr4eCq KaK Ae3r{H-
Tefpalll4efi fopHbrx rropoA r4 Mr4HepaJroB, TaK 14 HapyueHr4eM cpz:uxo-xu-
Mr4rrecKofo paBHoBecr4fl B cr.rcreMe "nopo4a - BoIa". B pesyrbrare aKTI4-
Btr3upylorcfl ilpoueccbr Bbrrrlerar{r4BaHr4fl erKopacrBopnMbrx coeAr4HeHprfr,
qro rTpLrBoII4T rcoSpasoBaHr{ro B nopotrax [ycror, KaBepH 14 pa3Jrr4r{Hbrx no-
rocretr. Czcrenrsr KapcroBbrx KorreKTopoe n NuelpoBcKo-AoHeuxoM BoAo-
HarIopHoM 6accefine Sopvrapyror iroKaJrbHbre Saccefiubr rpeur4HHo-
KapcroBbrx BoA [60].
flopoeue KoJIJIeKropbr o6sr.{Ho r4Meror Harro)KeHur,rfi xapaKrep ra o6-
pa3yrorcfl, B ocHoBHoM, B xafrHogofrcxux r4 Me3o3oficxux oTroxeHnflx. B
Ht{x cpopvrupyrorcq 3Haqr4TerrbHbre p cypcbr rpyHToBbrx uucpul;rpaqr4oH-
HbIX Bor. HuNe 3oHbr a3parJuzr porb rropoBbrx KorrJreKTopoB pe3Ko yMeHb-
rrlaercq. Xuuuqecxnfr cocraB HaxoA;runxcfl B H]rx BoI HauSoiree recHo cB-q-
3aH C COCTaBOM BMerrIarcUIr4X nOpOA.
lhacroeble KoJIreKTopbr, Koropbre orrzqarorc.fl 6orr,urofi MouHocrbro
14 perl4oHarbHblM pac[pocrpaHeHr4eM r4Meror Ba]KHefiuree 3HaqeHr4e  Qop-
NII{poBaHr4Lr pect/pcoB roA3eMHbrx BoA. B lHenpoBcKo-AoueuxoM BoAoHa-
ilopHoM Oaccefiue uau6oree MouIHEre rrracroBbre KorJreKTopbr Haxor.flTcfl B
KaN{eHHOyfOrIbHbrX, TpI4aCOBbIX, BepxHeropCKI4X 14 MerroBbrX OTJIO)KeHr{_flX.
B npnpoxe Bce yKa3aHHbre rr{rrbr rr4Apofeororr4r{ecKux KoJrJreKTopoB B
t{trcroM BI4Ae Bcrpeqarorc.fl npafiHe peAKo. O6rrqno o6pa:yrorcq "cMeuaH-
HbIe" KorreKTopbl: Tpelrll4HHo-rrJracroBbre, [racroBo-fiopoBbre, Tpeu1r4HHo-
KapcroBble H Apyfl{e, SopuupoBaHrre Koropbrx odycloueHo B3ar4Mo3 aBr4-
cl4Mocrbro pa3JIl4r{Hbrx npoueccoB, rrpoprcxoAflilIr4x B 3eMuofr xope 14 Ha ee
|roBepxHocTr4
floE:euuble BoAbr lHenponcro-loHerlKoro BoAoHailopHoro Sacceilna
uMeror crolltHylo ruApolnHaMr4r{ecKyro 3oHaJrbHocrb 11341, o6yc:roBJreH-
Hyro pa3BLITI4eM IIpr4pOAHbrX BOIOHanOpHbTX CHCTeM TpeX feHernqecKprx rr,i-
noB: uu(rulrrpauI4oHHbIX, 3ru{3r.roHHbrx pr repMorr4ApoAr{HaM?rr{ecxax (puc.
1 .2). Vrt$vm,rpaul4oHHbre cucreMbr pa3Br4Tbr B KafiHogoficxur v Me3o-
xafiHogoficxux BoAoHocHbIX KoMrrJreKcax, a TaK)Ke B uerny6oKo 3areralo-
uux (ro :00 - 600 u) BotroHocHbrx ropr43oHrax nareosofrcxzx orJrolregui,t.
fIoAseN{HbIe Borbl, Haxox flrrryrecfl 3Aecb B pa3ruqHbrx KorreKTopax - tropo-
Bblx, Tpeul,lHHbIX 14 KapcToBbrx, [epetrBl{farcTc.f, nol AelrcTBr,reM fl4lpocTa-
TI4qeCKOfO HarIOpa, O[peAeJUrOU]efOCfl pa3HOCTb]O fr4frcoMerpr4r{ecKllx or-
MeroK MexAy oSracrsMr4 nr4TaHr4fl v pa3fpy3Kr,r BoroHocHbrx ropr43oHToB.
Crcopocrra ux I43MeHrrorc-s or 0,001 u/cyr Ao \20 n/cyr. Bo4ouocurre
crpyKrypbl B 3oHe pacnpocrpaHeHu x vu$vtbrpaulroHHbrx cr4creM orruqa-
Forc-f, xoporuefi npoltsrrocrblo 117 91.
30
B eoAoHocHbIX KoMrrreKcax, 3arreraroilIr4x rroA MourHbrMr4 BoAoynop-
HIIMI4 rorulaMr Ha rty6vuax Soree 800-1000 M, rroJry.uvrv pa3Brrrt{e 3rr{-
3I4oHHbIe BoAoHarropHbre cucTeMbr. llo4seMHbre BoAbr, Haxotr-f,urr4ecfl 3Aecb B
ocHoBHoM B TpetUI4HHbIX lI TpeUZHHO-frIaCTOBbrX KOIrJreKTOpaX, ABr4)KyTC.fl C
or{eHb MarIbIMr4 cKopocrrwr4, r4HorAa He [peBbrruarculvrMpr n'10-' nr/roA, rco-
Topble co[ocraBl4Mbl co cKopocrflMr4 BeKoBbrx roreSarerbHbrx AsraNenzfi
gevuofi Kopbl I4 I43MeHeHI4eM crpyKTypHbrx niraHoB BoAoHocHbrx KoMrrJleK-
coe I1791. Crcopocrpl ABI4xte:nzrfl noA3eMHbrx Botr B ilpouecce BeprraxalsHofr
pa3rpy3Kl{ ilo 3oHaM TeKToHHT{ecKr4x pa3pbrBHbrx uapyueHnfi Aocruraror
n'100 - n '10r i r , r / roA (TeperueHKo, 1966).
Tepuorz.qpoAl4HaMl4r{ecKue BoAoHa[opHbre cprcreMbr pa3Br,rrbr B Har.{-
Soree norpyxeHHbrx BbrcoKoreMneparypHbrx rorruax raJreo3os. B pe3yrb-
rare repMorl44paTarryr4 rpolrcxoArrr BbrAereHr4e vB ilopoA BoA 14 $mofiAoe,
Ml{fpauHt KoTopbIX IrpoTeKaeT B Tpexlr4HHbrx KoJrreKTopax c eule MeHb[[{-
MI4, qeM B 3J'II43I4OHHbIX CI4CTCMaX,, CKOpOCTflMII, 14 nOIHOCTbfO OnpeAeffleTC.f,
reKroHtrr{ecKl4Mu Harpfl}KeHr4flMLr B 3eMHofi xope 11791. B ycroBnflx, npr4
KOTOpbIX pa3fpy3Ka 3TIIX BOA rro TeKTOHr4r{eCKZM pa3nOMaM 3aTpyAHeHa,
QopurapyroTc.fl roKarlbHbre orrarr{ cBepxrr44pocTarr4qecKofo rrracroBoro raB-
reHu.n [1 B 1].
B ru4poAI4HaMI4rrecKI4 aKTI4BHbrx 3oHax pa3pbrBHbrx Hapyrueuufr Melr{-
Iy uucpurrrpaqrroHHblMr{', SrI4314oHHbrMr{ v repMorr4ApoAr4HaM14LrecKr4Mu
cI4creNIaMI4 ycraHaBJrI,IBaerc.q rr4ApaeruqecKa.f, B3ar,rMocBfl3b. Oua rrporBr.fl-
erc-q B BocxoAflrrrefr pa3fpy3Ke BoA rry6oxoro Sopur4poBaHr4fl, Koropbre B
nepxuefr Llacrv fl4ApofeorofrrqecKofo pa3pe3a cMerrfi{Barorcq c BoIaMr4 He-
rry6orco 3arerarorrlux BoAoHocHbrx fopr{3oHroe. 3ru BoAbr o6sr.ruo orri{-
r{aroTcs BbIcoKlrMI4 HanopaMr4) aHoMaIbHbrM xI4MlIrIecKr4Nr cocTaBoM, a He-
pelKo 14 rroBL,nueuuofr TeMrreparypoil.
B pafroHax c uerxo6roKoBbrM reorrorr4rrecKr4M crpoeHr4eM rareo:ofr-
cxofr ToruIt'I rpaHI4UbI pa3Burux wu$urbrpaqr4oHHbrx 14 irrr43zroHHbrx cr4creN,r
BecbMa rr3MeHql4esI. B 3aBLrcLrMocrr,r o crpyKTypHoro rrorox(eHrrq orAerb-
HbIX TeKToHI4qecKI.IX 6roxon, r.nySuua HX 3arreraHr4fl B rrpeAerax se6orbrrnlx
ilrouaAefr pesxo roreSrercfl - or 0 Ao 1000 n Sonee MerpoB, KaK, Harrpr4-
Mep, e loueqxo-MaxeeBcKoM reororr4rrecKoM pafioue louSacca 11791.
llwr.anue BoAoHocHbrx KoM[reKcon uu$r{Jrbrpaur4oHHbrx cr4creM ocy-
IlrecrBrsercq, B ocHoBHoM, 3a cr{er arn,toc(repHbrx ocarKoB }r neperoKa BoA
BbIlIe 3aJleraloruvx orroxeHuft. C r:ry6uuofi ece Sorr,ruee 3HaqeHr4e B HX
nuraHwLt nprao6peraror BoAbr rry6oxoro SopnrlrpoBaHvrr, poJrb Koropbrx
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Puc. 1.2. llpoAoirbHbrfi rrrApoAr{HaMilrrecKr4fi pa3pe3 r{epe: /{HenpoB-
cKo-AoHer{Kr4fi BoAoHaropHbrfi 6accefis (no B.B. KoroAZK, 1983)
f e oru4p olr4HaMr4rre cKr4e cucreMbr :
V - vm$r4Jrbrp auzoHHbre,
3 - oruslroHHbre,
T - repnrorr.rApoAnHaMr{r{ecKue.
1 - ocaAor{Hbre ropoAbr; 2 - coteHocHa.q $opuaur4s rrepMrr; 3 - core-
HocHafl Sopuaur4.s IeBoHa; 4 - ByJrKaHoreHHbre nopoAbr; 5 - Kpr{crarrr.Iqe-
cxtrfr $yr.qanoeHr; 6 - pa3roMrt; J - rpaHr4ubr BoAoHailopHbrx cprcreM pa3-
rr{rrHbrx rl4rroB; B - reou3orepMbr, uC.
a a) / -
CyrqecrBoBaHr{eM pa3Jrr4r{Hbrx BoAoHarropHbrx cr.rcreM orrpeAer-firorcq
ocHoBHbIe rreprbr I\r4HaMr4Kvr rroA3eMHbrx BoA perr4oHa. B cBoro oqepeAb,
npI4HaAJIe)KHocrb rroA3eMHbrx BoI x o4uofi r{3 3Tr4x cucreM oSyc.naerr4Baer
prx Mecro 14 porb B rrpoueccax, [poucxoAflrrlux e gelauofr Kope.
XaparcmepucmuKa eodouocHbtx zopu3oHmo6 u KoMmeKCol
Cloxsoe reoJlorl4r{ecKoe crpoeHr4e 14 Jrl4ToJroro-SaqLrarr>Hafl I43MeH-
rluBocrb BoAoBMeuarculr4x ilopoA rrpr4BeJrrr x odpa:oBaHr4ro e [nenpoBcKo-
Aoueuxona BoAoHarIopHoM Saccefine 6o:ree 500 eoAoHocHbrx ropr43oHToB,
c$opltupoBaBrrrr4xcfl B rropoAax xafinogoficroro, nresosoficKoro u nareosofi-
cKoro Bo3pacra. Bce osu odseAr4H-slorcfl aBTopoM B creAyloqr4e KoMrrreK-
cbl: r{erBepr}rlrHbrfi, ueoleH-rlaJreoreHoerrfi, BepxHeNreroeofr, TeppLIreHHoro
Mera H ropbl, rpuacoBufi, uuNHerrepMcxofi ra:roresHoff $opuaur4v, TeppLr-
reHHbIX orJloll{eHvtit uuNttefi nepnru rr reppr4reHHoro xapSoua, xapSoHarHoil
Tortuz HlIX{Hero xapSoua v AeBoHcKr{e - HaAco.[eeofi 14 noEcolenofi
( ra6r . I .2) .
Talnuua 1.2
Xap axrepl4crl4Ka ocH o BHbrx B oAoHocHbrx KoMrrrreKc oB B o croqso fi
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B sanzclrMocrl4 or Ilorolr(eH[r rrrAporeororur{ecKnx crpyKTyp, rry-
6uw.t 3aJTefaHu.fl, JIHToJIorur{ecKofo c craBa BoAoBMetuarcruzx nopoA Lr pfl-
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ra Apyrurx SaxropoB rroA3eMHbre BoAbr pa3rr.rr{Hbrx BoAoHocHbrx ropr43oHToB
14 KoMfIreKcoB orruqaForcq oco6eHHocrflMr aLrHaMI4KI4 z xl4Mr4lrecKoro co-
craBa, a raKx{e SasnuecKlrMr{ ceofrcrealru (pac. 1.3).
II o d s eu u ut e e o d ur rc aitu o s o il c rcux o mt o ttc e u uii
lIoAgeN,{HLIe BoAbr xafiHogoficxttx orroxenr'tfi o6:seAzHflForcfl B rBa
KpynHbIX BoAoHocHbIX KoMilJreKca - r{eTBeprr4rrHbrfi z ueofeH-rrareoreuoetrui
(ra6r.12).Pacxo4r,t rpeHl4pyroul4x rrx cKBa)Kr4H o6rr.{uo He ilpeBbrrrraror
0,1-2,0 tlc npn rroHr{}KeHr4,{x ypoBHfl Ha 5-20 M, & Ae6zmr poAHrrKoB co-
craBr-qror 0, 1 -0,6 tl c.
Cpeau BoAoHocHIIX ropr.I3oHToB r{erBeprurrHofo KoMrtreKca Hau-
Sorrruee 3HaqeHI4e B perr4oHe r{Meror aJrrrroBr{arbHbrfi (pazzumrit B trorrr{Hax
peK 14 6arox) 14 soJroBo-IenroBrram,srrfi (pacnpocrpaHeHHrrfi noeceuecrHo).
llocreAsufr Haz6oree r{erKo Bbrrer-qerc-s B rrpeAerax AeHyAaur{oHHo-
aKKyMyJr-f,TrrBHbIX paBHI,IH v r4x cKroHoB. f:ry6raua 3areraHr4fl 3epKara nor-
3eMHbIX BoA r{erBeprr4rrHoro KoMrrJreKca xole6lerc-s or 1-2 rc B-10 w, a a6-
coruorHble orMerKrr - or +50 lo +250 l,l.
O opu np oB aHI4 e n oA3 eMHbIX B oA rrerB eprr{r,r Hbrx orro }KeH vtfi np ovtcx o -
AVT, B ocHoBHoM, 3a cqer uu$urlrpaulzra aruocSepHbrx ocarKoB 14 noBepx-
HocrHoro croKa. Brarogapx o6ruupnoir o6:racrlr rrr4TaHlrfl r,r MorrlHocrr4 Bo-
IoBMerrlarorqefi roJIrIu (ro 30-40 rtr) B r{erBeprr4qHoM KoMnreKce Sopuu-
pyroTc.q 3Har{I4TeJrbHbre BoAHbre pecypcbr, KoTopbre flBrflForcfl He ToIbKo r4c-
TOLIHLIKOM IIUTaHH.q ilOACTI4TaTOUI4X BOAOHOCHbIX fOpI43OHTOB, HO tr r,rMelOT
Balr{Hoe 3HaqeHr.{e,qrr BoxocHa6xeHuq.
BolonocHbre fopr43oHTbr HeoreHoBbrx 14 rrareoreHoBbrx orloxesafi
saaSoree ul{poKo pac[pocrpaHeHbr B Barilryrcxofr' Kartnruyc-Topeqrcofr
KorloBl4nax NoH6acca a e dlB. Ha rore loueuKoro npornSa oHr.r nMeror
roKarbHoe pa3Blrrve. B HeofeHoBbrx oTJroxeHr,r.flx BbrAel-flroTcfl BoAoHocHbre
roptr3oHTbl BepxHeul{oqeHoBbrx arJrroBr,rarbHbrx orroxeHuit tt noiTTaBCKo-
6epexcxofo KoMrrireKca. B orroxeHllf,x rrareofeHoBoro Bo3pacra ocHoBHbr-
Mu .qBr.flrorcfl fopu3oHTbr xapbKoecxofr cBr4Tbr 14 Kr{eBo-6yuaxcxur croeB.
Bce ouz ilo ycroBl4flM SopuupoBaH:afl pecypcoB, Ar4HaMvrKe u xr4Mr4r{ecKoMy
cocraBy [or3eMHE,IX BoA xoBoJrbHo 6:rngxv tt o6r.,erunq]orcfl B e:tfiurrfr eo-
roHocHbrfr xounlexc I179, 2921.
B nvraHr4r4 HeoreH-nareoreHoBoro BoAoHocHofo KoMilreK ca rrpr4Hr-
Maror yqacrne aruocSepHble ocaAKu, BoAbr, nHSrarnrpyrcrrlne fl Lr3 LrerBep-
TI4qHEIX oTJIo)KeHvit u pa3rpyxarorur4ecfl kr3 no.qcrr4raroruux flopoA Me3o3o.fl
t4 [areo3o.q. MaxcuMarrbHbre orMerKr4 ypoBsefi noA3eMHbrx Bo.{ r{3MeHrror-
35
































m{ F.llr [=r ffi+ [.,1r ffiuF{1, F:Hs [Hn ['3'o
ffi rr" ffirr KNI' [.'\-,'lrz [T[Jl'u Wffilr [Hl'1" V,, ]u" W,r l-ff]'u'
f*Tl*'lrmT'rlu 7;1* F:-lts F tlro rr zl
1'cvr,t,Jf lof i(VdQ) t-nrcox(P-l l);3-l-/ lHl i l( !- l{ l i ;T-Pz);4-MEPrt,, lb, l ,4E,t{|(r);5-i tCr{t i l rKfi :1-p,.,p,xr,C)r;6-t+111p,'gx(j, ;CJ
7.$tpEf,iiN8Iffrf#nc0B,A}|tuptI'8,(iMIllll0l{[0ll|l,{prflfI08,l,1t8t$l,I0t
9.ntptcll}|8lHliI,Ap|l{iiHl!8,l,1t8p0ll'I08,IlEt{lfff08,#3ltc1f.cl(,8,l{AMtfi
t0E 3l{30ft l lH0l TptulNN0SAT0tl, l :  { le iAl0fi lbix [IA0xil f l l .NHxuit nww(gP,); t l tutpri io-Mri0Eblx nwtf l  t , i fr [ , tAi0-Apfit ixr0E[i
Iul l l l {  t f I{u! l l l l txlesxtbl xlxri niut l1f*.} r xl lrurt {[); f2.s0,[0H0irru i6pxronilr H txr 30rrbt irrorrrrori Tpfl l l { f i0srr0cTt{ s plt06{rf{-
I tb l l  l l l i l l l lX i l i I t {1 i8}(08,  l38t f l l tK$l  l l0  30] l l l ' l  T f i In lqt t i l lX [APYt l l l l { l {H ( [xr ;C] ;  l3- [0A0YI l$pl1Af  I0 i l lA l l0$[ [ ;  l4-C( lAXl t f l ;88 l0XJ-
l i  t i0t4f!,  t tnl MHit ipi lr{ i l l f i .q s0lur/1, tnuu-rEuntpl lytA l ' ;rrprlrot i ' f l !r<A3AH tlAtt0!f i tAbr. rmotur c0NrAd s0A:l5q[rtrAX$lr
rfitpll{lllAI t llt0illlAl{l{til I i3081[l clNlAsr },ttTi1A; r5'-t0[x0inuff ptif]1t( [ |lrt0fuAAl|l{tl/ I rA30s0r{ eoclltr ci,.xl'ul{qrcr|fl{
l i l l  !0tbi I I}(Bixl l l l [ :  l6rtylt0i l lb]11; l6'- l ' i lpofip6ori i i | 'ulr;  l6'-x0pluHbri l .  1]rurtrrorrortr{E!n$ [f8Axitt ;  cIE0t-i i ] t tpA,i{3l l lr9
l0lu, r/ l ;  [ i l ! tsA ttunff l tvpl, 0i l f l -30|l t  I ' {r0f i l l r ] tcf i0f0 f i i lyl l t f f i r I ;  f3-}f0trf i !  r0lSrHfibl l  x0 rIr!80rf 0i l}0Brpr}r0[1f,8040-
ll0tll0f$ r0pl'30lttl (xlun,ttrct), 20- firl|pA8,tiltt[ .rJt{x[]t}l, [ 06,{t[il{ ft3rpy3l{ll li0tr3tl'4r{blr $0n [ly6lltllj0f0 p0fl'tr{tr08lilllf:
? l -  r i x0 i i pMA,
Pac. 1.3. CxenaarzqecKr4e rr4Aporeororr4rrecKr.re pa3pe3br eocro.rHofr




c-rr or +200 M Ha BoAopa3AeJrax Ao +60 M B AoJrr{Hax peK r.r 6alor. OSruee
Ha[paBJreHr{e noToKa BoI - c ceBepa Ha rof r4 }ofo-BocToK.
llolseN{Hbre BoAbr KoMrrJreKca B ocHoBHoM 3axeraror Ha rny6uHax 10-
20 r,q. BoAoHocHbre roprr3oHTbr, 3a r4cKJrrorreHr4eM xraeso-dyqaKcKoro, 6esHa-
rlopHble. B cenepuofr qacru perrroHa K onoKoBlrtrHbrM, cr4lbHo rpeulr{HoBa-
TbIM [ecrIaHZKaM Kr4eBcKoro flpyca (e lornHax peK Cyxofi HgrcNaeu, Bbr.{oK,
Ceuraxa) ilpuypoqeHbr MorrlHbre poAHuKLt c pacxoAaMr4 Ao 20-32 tlc.
Hau6oree u?IpoKo Arfl BoAocHa6NeHzq r.rcrroJrb3yrorc.f, rrorraBcxufr m
xuee o-5yr{aKcKr4fr ropu:oHTbr.
Ilodseauute eodat -ttesosoilcKux omtotrceuuit
flo4:enturte BotrbI uesosoficKoro crpyKTypHoro 3Tar{a pa3BHTbr B
cHHKJIT{HarbHbIX nporuSax r4 BrraAr4Hax, crox{eHHbrx ilopo Aavru Mera? ropbr
14 Tpvraca. Hau6oree pacilpocrpaHeHbr oHr4 B Eaxnryrcrofi, Karu,nrulyc-
Topeqr<ofr rorroBl4Hax v AAR. Ha rore perr4oHa BoAoHocHbre ropr.r3oHrbr
MeroBoro Bo3pacra 3aJreraroT BAoJrb 3oHbr cor{reHeuux foHeuKoro nporra6a
c flpua:oBcKr4M Maccr{Bou YKIJ].
BoAoHocHble ropl43oHrbr Me3osoficxoro Bo3pacra o6tel:z;aflrorefl B rpr4
I(pyrIHbIX KoMIrrIeKca: MeprerbHo-MeJrosofr rorqr{ BepxHero MeJra, rrecqa-
H bIX B epx HeM erlo B bIX - Hr4)KHeMerroB brx-rcp cKr4x orrroxe H vfr tt rpuaco n trfi .
B Soruul4HcrBe cryr{aeB rroA3eMHbre BoAbr Me3o3ofl xapaKTeprr3yrorct
BbICOKrrMlr Hanopal'4lr, r4Melor 3HaqureJrbHbre p cypcbr vr r4rparor ocHoBHyro
porb B ueHrparu3oBaHHoM BotrocHa6xeuuu perr4oHa.
BoAouocurtfr KoMnreKc Meprerbno-ueroeofr Torulr4 BepxHero Mera
pacnpocTpaHeH B rpeqr4HoBaTbrx, BbrBeTperbrx nopoAax TypoH-
KaMnaHcKoro Bo3pacra. Morquocrb rpeur.rHoearofr 3oHbr, o6pa:onaHr,re Ko-
ropofi cB.fl3aHo c IlpoqeccaMr4 pacrBopelnrrfl r4 BbrHoca BoAaMu xap6onarHopi
cocraBurouleir ropon lI72], r43MeHnerc-f, or 5-20 M Ao 100 u u 6o:ree. Oua
rocrl4faer MaKcr4MyMa B AorrrrHax peK 6accefrua CenepcKoro doHqa, a ee
Mr4Hr.r N,r ar bHafl M o urHo crs Ha6ruoAaercfl Ha B otrop a3Ae Jrax.
llo Sunbrpaul4oHHbrM oco6esnocrqM Tperlr4HoBarafl 3oHa MeprerbHo-
N,reroeofi roru1u BepxHero Mera or{eHb HeoAHopoAHa (ra6nl.2). Ko:Qcfra-
uueHr BoAorIpoBoAI4Mocrr4 ee r{acro [peBbrrrraer 1000 nr'lcyrKr4. HnNe 3oHbr
TpeIrlI4HOBarOCTrr BepXHeMeJrOBbre rropoAbr rrroTHbre tt, ilpaKTr4r{ecKr4, flBrfl-
torcfl BoIoynopHbIMI4. Ha eo4opa3Aerax roprr3onr 6esHanopuufi, Ho nppr
ABI4)KeHI4I4 K Aorr{HaM peK u 6arox iloA3eMHbre BoAbr npzo6peraror Hailopbr
Ao 10-20 v. PacxoAbl cKBaxuH cocraBJlf,ror 5-20 tlc npv rroHuxeHkrrx Ao 5-
6 u. A I4HorAa (KaurnueBaxcKr4fi apresuaucxrzfr 6accefiu) pacro4br trx Aoc-
rnraror 30-66 tlc npu roHr4)KeHuflx ypoBH.fl BoAbr Ha 0,5-10'5 u. /{e6trrsr
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porHl4Koe o6sr.{Ho cocraBr-f,ror 5-10 M? oAHaKo HeKoropbre r43 Hr.rx r4Me}or 14
3Haqr4TerbHo 6oruurue pacxoAbr. Tar, ile6ur poAHr4Ka, HaxoAqtr{erocfl B
KpzeoryKcKoM Saccefise y c. 3axorHoe, paBeH 40-60 tlc ll72].
lIoAseNaHbIe BotrbI MeprerbHo-Meroeofi Torruz rxr4poKo r{cnorb3y}orcfl
trrfl BoAocHa6xenus [on6acca. OHz 3Kcrrxyarr4pyrorcfl 2-u loueqruv,,
KpacHorllMaHcKtrrM, KupoecrrEu, Cranrp:coBcKr{M, KpanraropcKr4M, Kpac-
Ho o cKorbc Kr4M rr MHo f r4Mr4 rpyr vMpr e oAo : a5 op aMrr.
BoAonocHrtfr KoMrrreKc ileclraHbrx BepxHeMeJroBbrx, HHXrHeMeroBbrx 14
ropcKrIx orJloxeHIafi nr:toqaer BoAoHocsufi ropH3oHT HepacqJreHeHHbrx ce-
HoMaH-alrScr<ux rIecKoB, rrecqaHr{KoB u crroHrorl,rroB, BoAoHocurrfi KoM-
nrleKc HepacqreHeHHbrx Kr4Mepr4Ax-Borx{cKr,rx recKoB r,r c:ra6ocueMeHTr4po-
BaHHIIX necrlaHlrKoB,, BoAoHocurrpr ropr43oHT ]r3BecrHqxoeofr Tortuu Kerrro-
Beq - oxc$op4a, BoAoHocuufi KoMrreKc Hr4)KHeKeJrJroBeficxnx 14 BepxH eSay-
cKI4x pa3Ho3epHlrcrblx necKoB 14 [ecqaHr4KoB, BoAoHocstrfr KoMrrreKc Bepx-
HeSafioccKl4x rr Hl4x(He6arcxux rrecKoB I,I ilecqaHr4KoB. 3rn roprr3oHTbr 14
KoMnreKcbI BBlrAy cxoAHbrx yclouwit 3arreraHr4fl Lr cpopuupoBaHr4.q eor,
o6rusocrl4 Teppr4Topzrut r4x pac[pocrpaHetvrfl, a raK)Ke paciloro>KeHraq 06-
racrefr nlfiaHkrfl 14 pa3fpy3Kr4 paccMarpr4Barorc-fl aBTopoM B Kar{ecrBe Ar4Ho-
ro KoMrrreKca ll79l. Bo.qoyilopaMr{ B HeM cryxar frr{Hrrcrbre orrroxeHu.q
(radr  .  1 .2) .
Bce eotroHocHble ropl43oHTbr HarropHbre. Beru.ruHbr HanopoB B rrpere-
rax pa3BeAaHHbIX rnySnH (ro 700-800 rvr) Aocrr{raror 600 M, yBerrur{r4Baqcb
flo Mepe norpy)KeHl4fl BoAoBMeruarc[tr4x rropoA nol 6oree MoroAbre orro-
xeHI,Ifl. MaxcnuarbHbre [be3oMerpr4rrecKr4e ypoBHrr Bor KoMnJreKca orMe-
LIeHbI e Eaxuyrcrofi (+170u) u Kamr,ruyc-Topeuxofr (+130u) KorroBr4Hax.
llutauue o5:seAuHeHHoro BoAoHocHoro KoMilreKca B Mecrax Herry6o-
Koro 3areraHu.q ocyuecrBrrerc.fl 3a crrer arnrocQepHbrx ocaAKoB 14 neperoKa
BoA I43 rrepeKpblBalou1l4x orroxeHuil, a raKxe 3a cr{er Bor rpr4aca kr rrareo-
3o-f,, pa3rpy3Ka Koropbrx npor4cxoAr4r rro reKToHr4rrecKHM HapyrxeHraqNa. 06
SToM cBl4treTerbcrByer, Hanpr4N,rep, rro.qBreHne Ha uy6une 50- 100 M Bor.
xropl{AHo-HarprreBoro cocraBa c Mr4Heparvaar\veit20-35 rlt (llleSenuHcKa-s
crpyKrypa, Crae.f,Hcxufi Kyrror v Ap.), a raKxe rueroqHbrx (pH 7,8-9,0)
rl4ApoKapSoHaruo-HaTpHeBbrx BoA c orreHb HzsKofi Mr4Heparusa]q.]/lefr - Me-
uee 0,5 r/n (KpacHoocKom,cxufi xynon).
BotroHocHble rropoAbr rpnacoBoro KoMrureKca [rr4poKo pa3Br4Tbr B ce-
Bepo-3anaAuofi u roro-Bocroquofi qacrrr perr4oHa. Vwrt crolKeHbr MHorr4e
u{HKJrr.rHarbHbre nporuSrr rareo3oficxoro crpyKTypHoro 3Ta)Ka. BoAosoc-
HbIe roplr3oHTbl KoMnJreKca Hanopurre (ra6nl.2). Be:ru.ruHa rr4Apocrarur{e-
3B
cKoro Harlopa B crrHKrr{HarbHbrx rrporr46ax sa rrySuuax Ao 1 170u Aocrr4ra-
er 1085 wlI72l.
B nuraHl4rr iloA3eMHbrx BoA Tpr{acoBbrx orro}KeHilfi eaxHafl porb npr4-
HaAr{exur BoAaM narleo3or. Pasrpy3Ka BoA Tpr.racoBbrx roprr3oHToB npoilc-
xoxltr B per{Hyro H 6anovHy}o cerb, a raK)Ke ocyurecrBr-flerc-fl no pa3pbrB-
HbIM HapylxeHtrfllrr. B Eaxnryrcrofi KorroBr4He pacxoAbr cKBa)KuH, BcKpbrB-
Irrl4x BoAbt rpl4acoBoro KoMrrrreKca, cocraBr-f,ror B cpeAHeM 3-7 tlc flpu rro-
HI4)KeHr{.f,x Ha 10-20 M' ? Ha rcro-3arlaAe Kaltunyc-TopeUr<ofr KorrroBr{Hbr
Ae6urst cKBaxI4H Aocrrlraror 40-5 0 tlc npu rroHr4xeH vLr Ha 9 rrl I I 0] .
Ilodse"ttuute godu naneo3oilcrcux omnottcenuil
lIoAseN{HbIe BoAbI rlareosofrcxnx orroxeHr,rir npelcraBJreHbr HuxHe-
nepMcKIrMI4, KaMeHHOyfOJTbHbIMI4 14 IeBOHCKT'IMI4 BOAOHOCHbIMIT fopI{3OHTa-
MLt tr KoMnIeKcalr^LL o6saxarorJJvrMvrcfl r4Irv 3areraroulr4ut4 s6tu3ra geuHofi
[oBepxHocrl4 B ueHTparr'uoft, ro>rcHofi u Bocror{Hofi qacrflx perzoHa. Bolo-
HOCHbIe [OpOIbI nareo3o.fl crafaror xtrpa MHofax KyrrorrbHbrx crpyKTyp
Eaxuyrcrofr, Kalsnruyc-Topeurofr KorroBr4H z !!B.
Cpeln BoAoBMeularcrul4x ropoA rareo3or BbrreJr fleTefl rrflrb BoAoHoc-
H;IX KoMnJIeKcoB: 3oHbr Bbrurerar{r4BaHr4.q rarofeHHbrx orrro)KeHufi :g.wxuefi
nepMI4:, rIecqaHo-fILIHrrcTbIX Hr,rX(HenepMCKO-KaMeHHOyfOJtbHbrX OTitO)Ke-
uvtit, xapSouarsofr Torulu Hr,rlr{Hero xap6oua, a raK)Ke AeBoHcKr{e - HaAco-
reeofr Lr iloAcoreeofr lI79l
T I  1
rla QOpMI4pOBaHpIe pecypcoB vr cocraBa rroA3eMHbrx BoI rrareo3ofl
5o:rruroe BIrltflHr4e oKa3brBaror pa3pbrBHbre HapyrxeH wn. C Hr4MH cB-fl3aH ne-
peroK BoA l{3 OAHI{X fOppr3OHTOB  Apyfr4e, rrocTyni'reH?re B BepxHr4e crov
seN,{uofr Kopbl 3HAoreHHbIX Snrora4on, o6pasoBaHue 6accefiuoB noA3eMHbrx
BOI .
BoAouocHble ropl{3oHTbr KaMeHHoyrorbHbrx orro)KeHvfr nureHcr,rBHo
Lrcnorb3yrorcq trrfl ueHTpara3oBaHHofo BolocHaSxenn.fl .
Bo4ouocsrtfi KoMTIJIeKc 3oHbr Bblrueraqr4BaHnfl raroreHHbrx orro)Ke-
uufr ttt'txHefi nepntn (HuxlrroBcKafl, crraBflHcKa-s, KpaMaropcKa.f, cnnrsr) rtpfi-
ypoqeH K ilpurIoBepxHocrsofi TpeuHHHo-Kapcroeofi 3oHe coreHocHbrx or-
:roNesufi, B Koropofi o6pa3yrorc.f, BopoHKr4 14 KapcroBbre ilycrorbr, Bbr3br-
BaroilIl4e 4e$opvaqruo BbrrxerelKailIux ilopoA c o6pa:oBaHr4eM Hororrr4c-
JreHHbrx rpeur4H. 3ro rpr4BoAr4T K noBoJrbHo ceo6oAuofi uusrarrbrparlr4M ar-
naoc$eputrx ocaAKoB u 3apo)I{AeHuro rroA3eMHbrx [oroKoB c 6ortruuun
cKopocTflMr4 (caurr,rnrerpbl 14 Aa)Ke MeTpbr B ceKyHAy). MoulHocrb 3oHbr Bbr-
uleraqllBanvrfl - Ao 100-200 M. B o6:racru uu$untrpaquoHHoro rrr4raHnfl
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Borbl faJloreHHoro KoN{ilreKca 6e3HarropHbre. llpr [ofpyxeHr4r4 noA Me3o-
Kailnosoficxue ocaAKH oHrr rrpr4o6peraror Harropurrfi xapaKTep, o6ycraBrrpt-
earcuufi SoHranrzpoBaHue cKBa)KprH. Bera.rnHbr HarropoB Aocruraror I 00-
180 u. le6urrr orAerIbHbIX cKBax(HH n pafioue paccoronpoMbrcroB cocraB-
Jlrror 25-75 tlc. HaNe 3oHbr BbrrueJra-qkrBaHzrfl aroreHHbre orrro)KeHut
ulrNsefi uepMr4 npetrcraBrflIor co6ofi BoAoyilopHyro roJrruy.
BoAosocHble KoMflreKcbr [ecr{aHo-fJrr4Hl4crblx ouoxeHI,Ifi Hraxnefr
ilepMl4 ra xapSoHa rro ru,rrororilLrecKoMy cocraBy BoAoBMerrlarcur4x rropoA 14
rl,UporeoJtorl,IqecKl4M ocooeHuocrflM IoBoJrbHo 6rHsxr4 14 rro3Tonry oSreAu-
H.fllorcfl HaMI4 B eAl4Hbtfi xonnreKc (ra5.r. 12).CocrasrflrcilIue r4x MHoro-
LII'IcreHHbIe BoAoHocHbre ropr43oHrsr (oxono 30 B orrro)KeHrr.rlx KapraMbrrrr-
cr<ofr cBurbl rIepMI{ H cBblrrre 330 - B Teppr4reHHbrx orro)KeHr4qx Kap6oHa)
[peAcraBjreHbl, B ocHoBHoM, TpeU]r4HOBaTbIMr,r neCr{aHI4KaMr4 1  r43BeCTHqKa-
Mt{.
flnraune BoAoHocHofo KoMUIeKca B 3oHe a3parrrr rrpor4cxoAr4T 3a
cller ariltoc$epHblx ocaAKoB. C yne:rr4LreHr4eM rrySuHu 3areraHr4fl B ero rrr4-
TaHprpr ece 6omtxyrc porrb r{rpa}or BoAbr, pa3rpy)Karouzecr rro p?3pbrBHbrivr
HapylxeHr4flM vr3 ruy6oxux ropr{3oHToB rrareo3oq. B npeAerax BbrxoAa Ha
Iorailsosofrcxyro iloBepxHocrb Bce rr{Tororr,rqecKr,re pa3HoB}rAHocru nopoA,
HaxoAflu]uecfl B 3oHe BbrBerpr4BaHV\ rpeunHoBarbr v o6pasyror eAHHyro
o6no.4neHHyro 3oHy co ceo6olsofi noBepxHocrr,ro. llocleAn rfl n41paBrr4r{e-
cKI{ cB.fl3alua c BbIIIrerexailIr4MH BoAoHocHbrMrr orro)KeHr4flMr4. C rnybnuofr
areBplrrlrcrble nopoAbr yrrrrorHflrorc.fl 14 craHoBflTcfl BoAoyrropHbrMr4, a Bo-
roHocHble ropu3oHTbr npuo6peralor rr4ApaBrprqecKr4e Hanopbr., Bo3pacrarc-
une tro Mepe norpy)KeHl4-q KoMrrJreKca. PacxoArr r4cror{Hr4KoB, rrr4TaeMbrx
BoAaMLl [ecLIaHVKoB, Aocruraror 3,0-5,0 llc. Hecuorpt Ha 3HaLrr4TerbHo
MeHblrlyro MoulHocrb, I43BecrHflKI4 6oree goAoo6HJIbHbI, qeM ilecr{aHr4Kr4.
3ro o5t,qcHqerc.fl I4x tloBblrrresHofi Tpeulr{HoBarocrbro 14 3aKapcroBaHHo-
crbto. flper BcKpbITI4I4 I43BecrH.flKoB xap6oua ropHF,IMu er,tpa6orKaMr,r Kpar-
KoBpeMeHHbIe [plrroKr4 r4HorAa rrpeBEnilaror 500 n'/qac. B or:fenbHbrx cry-
qaqx (zseecrHxx M5 B Irlaxre "forrosarcxaq-Ioxual") Beirurru{Hbr rrpr4ToKoB
Aocrl4raror 2500 w''-l.ac [10] f,e6urr,t cKBax]rH, BcKpbrBrrrHX r43BecrHrKrr,
cocraBrflror 3-6 tl c. Ko:$Szul4eHrbr Sramrparlr4z HeKoropbrx r,r3BecrHflKoB
IiMeror 3HaqeHu-rr xo 200 wlcvrKr{.
BoAouocur,tfr KoMTIJIeKc xap6oHarHbrx orro)KeHufi auxHero xap6oua
cro)KeH u3BecrH-sKaMr4 r,r AoroMLrraMr4 rypHefrcKoro v suzefrcKoro (HrzNuefi
vacrz) flpycoB evurst C | . Cpe4rz rcap6oHarHbrx nopoA Bcrpeqarorcfl rpo-
crol4 KBapueBbIX recqaHl{KoB 14 r43BecrKoBo-yrrr4crbrx cJraHrIeB. llo rr{rry
KorreKTopoB rIoI3eMHbIX BoA vr errcoxofi eolooSlrrrbHocrr{ xap6ouarHbre
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tlopoAbr Hrr)KHefo KapooHa pe3Ko oTruqarcTctr or cpeAHe- 14 BepxHeKaMeH-
HoyroJIbHEIX BoAoHocHbrx orJro)KeHufr, npegcTaBrflfl co6ofi orAerbHtrfr eo-
AoHocHbrfi rconrnreKc rperur,rHHo-KapcroBbrx nol (ra6 n 1.2).
Haz6onee rpeqnHoBarbr 14 3aKapcroBaHbr xap6ouarHbre ilopoAbr sStu-
3I{ pa3pbIBHbIX TeKToHr4r{ecKHX apyureHvrit, rge xoe$$au?reHTbr Svrurpa-
r\kru ilo AaHHbIM oTIbITHbIX orKaqeK vr3 cKBa)r{r4H Aocrr4raror r4Hofra 100
nr/cyrxu [10]. le6urrr orAerbHbrx cKBa)Kr4H npeBbrrrraror 50 vr ra>Ke 100 n/c
rrpr4 iloHnlneHr4flx Ha 5-20 u.
BoAosocsrtfi KoMTIJTeKc cBI4Tbr C 1t uureHcrrBHo r4crroJrb3yercr Ar.q Bo-
Aocua6xeHr4fl. B eepxHefr qactu pa3pe3a, Ha yrracrKax BbrxoAa Ha AHeBHyro
rloBepxHocrb, ilotr3eMHbre Botrbr o6uquo 6esuanopHbre. Ho ranl, rre roporbr
KoMrlreKca rTepeKpblTbr BbrrrrerelKaulr4Mr4 rrareo3okcrcuwu tt Me3o-
xafrHogoficxuntu orrrox{eHr4rur4, oH[r rrpuoSperaror Ha[opbr, Bbrcora Koro-
pbrx r4HorAa rrpeBbrrrraer 70-100 nr.
flo4sentHsle BoAbI AeBoHcKrrx orroxenufi ps.ca r{x uySoxoro 3a-
reraHl4.tl Ha repprrropvv r4ccrelosanufr u3yrreHbr HepaBHoMepHo. BrrxoAsr
BoAoHocHbIX ropoA AeBoHa B perrloHe ycraHoBreHbr e roNuofi npn6oproeofi
qacru foueqxofo BoIoHaIIopHofo 6accefiH1 a raKlKe Ha cBoAax HeKoropbrx
corflHoKynorbHblx crpyKryp. B AAB, rAe noA3eMHbre Bolbr AeBoHcKr4x or-
,roxenufi onpoSoeaHbr Ha rty6uuax Solee 5000 M, r{erKo BbrAer-flercfl rBa
BoAoHocHbIX KoMnreKca - rroAcoreeofi 14 HaAcoreeofi . Pa:rpaur4rrr.{BaroLup{M
Itx pef]loHaJrbHblM BoloylopoM trBr.f,eTc.q MoilIHaf, faJrofeHHafl Torrua [o3A-
HeAeBOHCKOfO BO3paCTa.
B npe4erax oIII4cbIBaeMoro pefr{oHa HaAcoresofi BoAoHocHtrfi KoMn-
reKc rpeAcraBJIeH Jrr{IIrb B flApax aHTr,rKrrr4HaJrbHbrx crpyKryp (Kopylr,cxofr,
flerponcrcofr 14 rp.) 14 npaKrulrecKoro 3HaqeHr,rfl rrrfl BotrocHa6Neuux He
uMeer. lloAcoreeofi eoAouocsrrfi KoMnreKc AeBoHa B rrpeAenax 3oHbr co-
LITeHeHI{t loHeqxoro nporzSa c llpza:oBcKr4M Maccr4BoM yKIl] croxeH
TperuI4HoBarbIMI4 necrraHr{KaMr4, aireBporr4TaMlr) r,r3BecrHflKaMv\ ryQatrz,
KoHrroMeparaMl4 14 rTareoda:a:rrrauu, nepecrar4Baloul4Nll4cfl  rrJrorHbrM14
rrLIHaMI4 14 Aprulnlrr4Taur4. llOcre4uve vrfparoT porb MeCTHbrx BoAOy[OpoB.
B :aeacuMocrrr or r,ry6zHbl 3areranvrfl, Berl4lrr4Hbr HarropoB BoA AeBoHcKI4x
orloxeHmfi usweHflrorc-q or 40-60 ao 250-300 l,r, a rcooQcpnurreHrbr Surur-
parJLrv BoAoHocHbIX nopor Bapbr4pyror B rrrr4poKoM l\vana3oHe (ra6:r. 1.2).
Hecntorp r Ha 3To, rroA3eMHbre BoAbr pa3rrrqHbrx ro Jrr4ToJrorprqecKrrM oco-
SeuuocrqM BoroBMeIIIarcuI4x ilopoA B3ar4MocB.fl3aHbr ra o6pa:yror err{Hyro
BOtrOHOCHyTO Cr4CTeMy.
Tarcuu o6pa^:onn, ycroBnx SopuapoBaHr4fl noA3eMHbrx Bor finenpor-
cxo-loueuKoro aBJIaKoreHa orpeAerlrrorcfl crreAyrorUr4Mr.{ cpaxropanaz: o5-
4I
pa3oBaHI4eM B ocaAorrHofi Torrue 6oree 500 eoloHocHbrx fopr{3oHToB; TeK-
ToHl4qecrofi axruBr{3alll4efi rtyluHHbrx pa3JroMoB, 3oHbr Koropbrx flBrrrorc.q
o cHoBHbIMI4 KaH a:ral.r.Lr rerrroMac correp eHo ca; rr4Ap oAHHaM r4qecxofi s oHarb -
Hocrblo. a raK)Ke Harrzrqr4eM B Beprsefi qacrr4 nraroc$epbr pyAHsx Sopua-
llufr u reoxI4MI,ILIecKI4x aHoMarr4fr, orcagsrBaroulr4x 6omruoe BrI4flH:yre Ha xr4-
Ml4qecKufi cocrae [o.[3eMHbrx Botr.
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rNABA 2
TEOXI4MI4IIECK%E OCOEEHHOCTI4 NOTSEMHBD( BOI
feororuqecKoe pa3Br4rrle NHeuponcxo-loueuKofo aBJraKoreHa co-
frpoBo)KAaercfl 3aJrox{eHr4eM pa3iroMoB H MafMarr43MoM, TpaHcfpe0cr4flMr4 14
perpeccr4rMr4 Mop-f,, ocaAKoHaKonJreHr4eM r4 cKJraAxoo6pasoBaHr4eM. llpouc-
xorr4T pa3fpy3Ka rny6vHHbrx $nrora4oB, Koropafl) B cBoro oqepeAb, cMeHfl-
ercfl rrpoHrrKHoBeHr.reM nrly6s seuuofr Kopbr cetrHMeHTaur4oHHbrx tt vr+-
Qzrsrpaur4oHHbrx BoA. EraroAap-rr 3Tr{M rrpoueccaM BoraMrr BbrfroJrHrrorcfl
rBe Baxnefimue reoJrorrrqecKr4e QyHxqraz - ilpr4BHoc 14 orro)r(eHlre Beulecr-
Ba B BOAOBMeUIaTUII4e rropoAbr r.r BbTHOC efo r43 Mr4HeparOB 14 fOpHbrX IOpOA
(e npouecce BbrrrleraquBanrrr vr pacrBope:akrfl nocJTeAHnx), vro o6ecneqvBa-
er rrocro.flHHoe lr3MeHeHrre reoxnMr,rqecKoro 6ruKa ilol3euuofi ru4pocQe-
pbt.
2.1. <DopMupoBaHue xuMuqecKoro cocraBa
NOT3EMHbIX BOA
llpoSrenra SopruupoBaHr4fl xr4Mur{ecKoro cocraBa noA3eMHbrx BoA oc-
Taerc.fl aKTyarbuofi Ao Hacroflruero BpeMeHr4. OcHoeurru ee BoilpocoM rrB-
r.f,ercfl Bonpoc o6 Hcror{HuKax xuMr,rqecKrrx 3reMeHToB 14 coeAnneHufi B
noA3eMHbrx BoAax, rryrflx ra Sopnrax HX Mr4rpaur4u. llpu 3ToM r4ccJreAoBa-
TerflMr4 Bbr4Br{rarorc-q pa3rurrHbre rr4nore3br 14 Teopura SoprunpoBaHr4.q xr4-
Ml{r{ecKoro cocraBa [or3eMHbrx BoA rauSrarsrpaur{oHHafl, ceAnMeHTa-
ul {oHHaf l ,  roBeHr4rbHaf f  v  l \pyrr4e [10,  45,51,54,55,76,9I ,  108,  122,  I33,
131, 149, 152, 159, 170, 174, \99,206,225,236,237,248,319 w rp.] .
@opnrzpoBaHr4e xuMr4qecKofo cocraBa rroA3eMHbrx BoA {uenponcKo-
doHeuxoro aBJraKoreHa paccMarpr4Barrocb Bo MHorr4x pa6orax lI0, 2I, 4J,
69,  114,  169,  243,  280,  287,288,  292,318 n Ap.] .  OAsaxo Ao Hacro.nruero
BpeMeHI4 orcyrcrByer o6ruaq KoHrlerruvrfl vrx reoxr4Mr4qecxofi 3BoJrrour{u. Ha
ocHoBaHr.rr4 MHoroql4creHHofo Qaxru.recKoro Marepuara, fioryqeHHoro B
rocrreAHne 10-15 Jrer, aBropoM rpeArararorc.fl HoBbre rpercraBJreHr{fl o po-
ru reKToHHKr{ e SopurapoBaHr4r4 xr,rMnqecKoro cocraBa [oA3eMHbrx BoA, Me-
xaHr{3Me o6orarueHvrfl Lrx MrrKpo3reMeHTaMv u o6pa3oBaHr4r4 rr4Aporeoxr4-
Mr4r{e cKr4x aHoMa tuft p aslruqHo ro reHe3r4c a.
2.1.1. Oco6ennocru Murpaquu BeulecrBa B rroA3eMHt,rx BoAax
B 3Borrouar,r 3eMHofi xopu repeHoc BeruecrBa pr rerTroeofr 3Heprr{a
BoAHF,IMI4 pacrBopaur r{rpaer ea}KHefruyrc porrb. 3ro flBJreHr4e, Ha3brBaeMoe
43
(tmou.qHbrM TertroMaccoflepeHoconr, o6ecneqr.rBaer MI4rpauzro xI4Mrrr'IecKI{x
3reMeHToB 14 coeAuHeuwit, ilpeAcraBrrflfl. co6ofi coBoKytlHocrb $:toIa.4Horo tr
TenroBoro rroroKa. OSrrqso BeAyulee 3Har{eHr4e I4Meer 3H.4oreHustfi $rto-
uAstrii noroK - crox{Hafl norvreHHa-fl BoAHo-ra3oBa.[ cMecb, IrocrynarcIuat
ilo reKToHr4rrecKr4 ocla6reHH[,rM 3oHaM geNaHoil Kopbl K noBepxHocrn v3
olraroB rrySuuHofi reuepa\rrr4 (n rou qr4cre H MaHTrrfiHrrx). flp, 3ToM roJrfl
roBeHrrrr,uofi cocraBrrqrcuefi no Qmou4e r,r3MeHflercr B 3aBrcr4Mocrrl or ero
rrpor4cxo)KAeHrr-fl r{ ycJroBl4fi urapr<y rrfllg:ntt 1162].
Pa:ruqaror IBa Bvr4a rerrJroMaccoilepeHoca - KoHAyKrasHrtfr I,I KoH-
BeKTr.rBHsrfi (ryp6yrenru.;rfi u JraMr4Hapuufi). Hecltorpfl Ha ro, qro uIaBHafl
poJrb B npeo6pa:oBaHr4r4 :enrHofi Kopbr B rrpouecce ee ?BoJrroIII4LI [ppl-
HaA:re)(lrr BocxoAflueN{y KoHBeKTnBHoMy rerrroMaccoilepeHocy l1 63], on-
pe.4ereHHoe 3Har{eHHe rrpr4 3ToM I4MeIoT r{ TefrJro3Hepferr4qecKl4e florfl, co3-
AaBaeMbre KoHAyKTr4BHbrM renroodMeHoM. lloorouy qaqe Bcero peqb Mo-
)KeT V!\Tr4 O CMeIITaHHOM KOH.qyKTITBHO-KOHBeKTT4BHOM TenTOMaCCO-
nepeHoce. B npouecce rroAbeMa rroroKa sHAoreHHbrx Snron4oB K rloBepxHo-
cTr{ |IpoucxolrrT r4x oxJra]KAeHr,re, KoHleHcarJr4fl rl cMelrreHrre c BoAaMI4 pa3-
rr4r{Horo ilpo}rcxoxAeHus. 3ro npaBoAr{T, B qacrHocru, K o6pa:oeaHl4ro rro-
Ir{feHHbrx fr{ApoTepMarbHbrx pacTBopoB, KoTopbre [p]rHIrMaIoT yr{acrl4e B
Mr4Hep aro o 5p a: o BaHV\r 127 7 ).
flocre rpeBpaqe:nnfl. fHenponcxo-floueuKoro nareopucpra e nporu6,
3arrorHeuur,rfr MHoroKr.rrroMerpoeofi rorrueff ocaAKoB, navSotee I4HTeHcHB-
Hbre ilpoueccbr Qruon4uoro renroMaccoilepeHoca naSnroAarorcfl B rrpererax
rpeBHr4x rrrAporepMarbHbrx crrcreu, odpasoBaBrxr4xcfl B 3oHax perl{oHarb-
Hbrx AolroxrfiByulux pa3JroMoB. 06 3ToM cBr4AererbcrByer Bocxo AflxJafl
pa3rpy3Ka Bor rny6oxoro $opuupoBaHr.rfl, 3HAoreHHaq Aera3auux ra $opura-
pylorrlr4ecfl 3recb reorepMr4qecKr{e aHoMarrr4r4. llpunrepou Mofyr cJlyxl4rb
He rorbKo r43BecrHbre rr4AporepMarrbHbre cr4creMbr, obpa:oBaHHble B npeAe-
rax HvxnroecKoro, llonpono-Kr,rpeeecKoro, lpy>xxoecxo-KoHcraHTl{HoB-
cKoro, Crae.flHcKoro, KopynscKoro py.qHbrx norefr, Ho I{ MHoror{t{creHHble
KyilorbHbre cTpyKTypr,r, colepx{aur4e fr4AporepMarbHyro Mr4Hepa[vr3ar\uro 14
cKofrJreHr4fl yfreBoAopoAoB.
PaccnarpvrBar a@Sexrsr, cB-fl3aHHbre c ABr.rxeHueM ilor3eMHblx pacr-
BopoB, B.LI.  Iqruxo n M.M. Muruux (1986) orMerlarcr,  qro ". . .eo4a npr
IBlrxeHr4r,r B3ar4MoAefrcreyer c BMeruaForur,rMr4 nopolaMl4, H3MeHfl-fl pac-
npeAereHHe TeMrrepaTypbr, KoHueHTpauHr4 pacTBopeHHofo rr BblfiaBurefo B
ocaAoK BeuecrBa". TeMileparypa flBrflerc-fl oAHr4M r,r3 ocHoBHEIX [apaMer-
poB B cucreMe "uopo4a-8o.4a". ZgN{eHeHr4e e BIrkrfl,er Ha pacrBopl{Mocrb
MrrHeparoB, a) crrexoBareJrbHo, Ha r4HTeHcr4BHocrb Ar4QQy3r4oHHoro IIe-
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p eHo ca 14 cKopo crb np or eKale.vrfl xr4Mr4qecKr4x p e aK rryk. Tarc, p acrBopr4Mo crb
c$arepura B qucrofi Bore npr4 reMileparyp e 200 oC u AaBreHr4ra 200 aru
cocraBrqer B cpetrHeM 4,0 ur/n 13671. llpur reMneparype 150 "C v aaBrreHtr4
37 arv oHa paBua 1,0 ur/:r [331]. A npu reMileparype B0 'C r4 arMoc$ep-
HoM AaBreHIrI4 pacrBopr{Mocrb c$anepura He rpeBbrrrraer 0,5 ur/r [310].
flpzee4eHHble.qaHHbre 3Kcilepr4MeHTarbHbrx r4ccreAosauwk yKa3brBaror, rrro
yBeruqeHl4e reMneparypbr BoAbr (6es yqera AaBreHr4x) u 2,5 pa3a yBerr4rrr4-
Baer pacrBopl4Mocrb trax{e xr4Mprqecxu crofrKoro MuHepara e B paz. Vcxolx
t{3 3TOfO, JIefKO MO}nHO CAeIaTb BbTBOA He rOrbKO O pO,Tt{ TefrrOBOfO nOTO-
Ka, Ho vr o B3arruoo6yc,roBreHHocru npoqeccoB Terrro- 14 MaccoilepeHoca B
geuHofi Kope.
lloeeAeul4e BelrlecrBa B noA3eMHbrx BoAax o[peAeJr flerc,fl rrpoueccaMu
MHrpaunz, Koropble oSycnoerreHbr crpeMreHHeM xr4Mr4rrecKr,rx 3JreMeHToB,
HaxoAqull4xcfl B pacTBoPe, K 3Hepferr4qecKoMy paBHoBeci4lo r4 HarrpaBreHbr
B cropoHy obpasoBaHnfl qacrnu c Har4MeHbrrlrM 3arracoM ceo6orHofi auep-
rALt. B npoqecce Mrlrpartur4 npoucxoAar pacnaA cyqecrByroqurx Lr o6pa:o-
BaHI4e HoBbIX xuMr4r{ecKr4x coe Atmeuvfr, a raKxe ocyqecrBr-qrorc-q o6N{eH-
HbIe peaKul4r{ He rorbKo B caMoM BoAHoM pacrBope, Ho 14 B rrpr{po4uux $u-
3I4KO-XI4MI4LIeCKI4X C CTeMaX - "BOAa - nopOr?", "BO4a - fa3", "BO4a - Opfa-
Hl4qecKoe BeulecrBo". 3ro npr4Borl4T KaK K KoHueHTpaur4r4, TaK 14 K pacce.fl-
HI4ro BeluecrBa, LITo, B KoHerrHoM rrrofe, o6ecneql,IBaer KpyroBopor xl4Mr4qe-
cKr4x SreMeHToB B rrpHpoAe.
Murpaqvrfl xuMrrqecKr{x 3reMeHToB 14 coeAHHeHwit, s ilox3eMHbrx Bogax
3aBr4cr4T or BHyrpeHHr4x 14 BHerrrHux SaxropoB.
BuyrpeuHne Sar<ropbr orrpetrer.flrorc.f, Srasnxo-xr4MrrqecKr,rM14 ceofrcr-
BaMI4 SreMeHToB, pa3MepaMa 14 Maccofi arouoe (uoHon), nateurHocrbro, pa-
rl4oaKTl4BHocrbro, 3Heprerr4qecKuMr{ [apaMerpaMr4. llocxo,rbKy Bce oHr4 r,r3-
MCHflIOTC-fl B 3ABI4CI,IMOCTI4 OT IIOIO)KCHPI-q XI4MI4qCCKflX 3IEMCHTOB B IIC-
puorl4r{ecxofi cr4creMe IJ.I4. MesAe:reeBa, To 14 cocro-fiHlre uoHoB B BorHbrx
pacrBopax raKlr{e xapaKTeprr3yercfl r,r3MeHrrr4Bocrbro (ra6:r 2 .I) .
B u e uruv e cp axrop br Mr{rp arJur4 onp eAerrr orcfl o c o 6 eu u o cr-fl M 14 rr4rp o -
reoxl{MtlqecKl4x ycronvfr, B Koropbrx [por{cxoArrr [epeMerrleHae xHMHqe-
cKlrx SJIeMeHToB. OcHoelrbrMr4 ilapaMerpaMrr cpeAbr Mr.rrpauuu flBrflIorcq:
KoHueHrparil4fl, TeMrreparypa, AaBreHr4e, rueroqHo-Kr,rcrorHbre (pH) pr oKr,rc-
rnTerlbHo-BoccraHoBr,rrerrbHbre (Eh) )/croBufl rroA3eMHbrx BoA. VIwm o6y-
croBreHo noBeAeHr4e B qecrBa B pacrBope (ra5r.2.2).
BoAa -qBr{ercfl 3JreKTporr4ToM. llo:ronay B 3aBnclrMocrr{ or Ba-
IeHTHOCTI,I, I{OHHbrX paAr,ryCOB, I{OHHOfO rrOTeHUr4aIrA 14 HeKOTOpbTX Apyft4x






O cH o e usr e B Hyrp e HHr4 e Q axrop u Mr{rp au wvr xLrMttrl e cKI4x 3r e M e HTo B
MurpaqnoHHar cnoco6uocrr,
i I4onHsri.r pa1r.I tMo tIDotlollur4oHaJrbHa Berruqr4He uoHHof o ca aToMa
Macca r{oHa o5 O NDOTIODII'{OHAJIL'HA MACCC HOHA
Ba,resrsocrr, C ynenr.rueHrreM BarTeHTHocru Bo3pacraer 3a cr{er 6orburefi eos-




flpxvo [po[opur{oHa,'rbHa r4oHHoMy noreHr]uany u 3Hepf:rrr rtlrg.pa-
Tarfvr4 tt ottog*
* Harwtwe aroMoB paArroaKTr{BHbrx 3JreMeHTon, o6ra4aroqfix oqeHb BbIcoKIrM
rloHHbrM rroreHrlrraJroM, ycr{Jrr{Baer [oABr{xHocrb Apyflrx 3JleMeHToB I{ coeAI{Henwrt,
frocKoJrbKy BbrAenqrculaqc.f, npr4 paIr4oaKTr{BHoM pacnaAe 3Heprl4r cnyxnT oAHofr lis














f r.1 pyroulnx BeirlecTB
Tenlneparypa
O cuo eulIe BHerrrHue $ axropbr Murp aur4r{ xr{Mr.rq e cKr,IX 3reM eHToB
MurpaquoHHar cnoco6uocrs
lloAqzHqercq 3aKony Aelicreyrcrqux Macc u
craurofi paBHoBecuq, rpeBbr[reHr{e xoropofi
aeHuro BeruecTBa H3 pacrBo
llpxvo rporopurloHanbHa pocry reMfleparypbl, xoroplti.t conpo-
Bo)(Aaercq pa3pbrBoM cyrqecrByroulnx xnMI4LIecKptx csszefr u
frepexoAoM aToMoB 14 MoneKYn B fve ov3Lrqec Kue cocTo.tlHl4t
B :oue rn[oreHe3a yBenr4qeHne D,aBJreHufl cnocodcreyer oSpa-
3oBaHr.rro Bp acrBopax [oABI4)KHbrx KoMrrrleKc oe. llpr,r rroHl,r)Ke-
Hr4r4 AaBne:n:r'fl nponcxoAr4T rrx pac[aA, xoroprri.r coilpoBo]KAaer-
cfl BbrAeneHHeM J1eTyrlrrx, Bo3pacTaHrreM cTefIeHLr AI{cc our4arJwu
xr.rMr.{qecKr{x coeAr{uesufr u aKrnBHocrlI lloHoe [2a8]. 3ro raK]Ke
rrprrBoArlr K yBennrleHnro Mr4rpaqnonHoi.r c noc o6uocri4 pacrBo-
eHHOfO BelrfecTBa
ZsN,reHqerc.s B 3aBucrrMocrr4 or Qopl,r Haxolr{AeH17fl. xvwrlrccKl4x
?.IeMeHTOB B paCTBOpe, CyrqeCTBOBaHUe KOTOpbIX OnpeAeJIfleTCt
B e Jr { rr n H o fr p H. Klt c r oru o - rqe n o r{ H brM r{ y cn o B AflMLl p e ryn rlp y -
rorcq KaK nepexoA 3neMeHToB pacrBop, Talr. v ocalKAeHhe r43
Hefo
tr4:nreH.qerc{ B 3aBrrcnMocrr{ or 3HaLreHr4s. Be:rutunu Eh. llpra
cABr{fe [poqecca oTAaLrr.{ - npficoeA]i}leHr4fl sneKTpoHoB B oAHy
rr3 cropoH (oxucreukre wrrkr BoccraHoe:reune) MrrrpaunoHHafl
cnocoSuocrb oAHr{x xr.rMr{rrecKnx 3rreMeHToB yBenuq14B ae'tcfl, a
Apyfrrx - yMeHF,ruaeTcq
KaK B Br4Ae rrpocrbrx, TaK 14 B Br4Ae cro)KHbrx (xounrleKcHblx) uouon. Taxue
3reMeHTbr KaK rcanuit, uatpvit,, xa:mqufi, naatHufi, crpoHut'ti't, 5apufr., tutuit.,
pydmgnh, \ezuit H, orr{acrl4, MapraHeu, MeAb, Irr{HK, xeJre3o, HHKerb, Qrop,
5pou, xrop pr HeKoropbre Apyrr4e r{acro ilpucyrcrBy}or B BoAe B BI4Ae npo-
crbrx r.roHoB. OAHar<o ra SopMa Mr4rparrkru AoBorbHo orpaHr4rreHa. I{an6o-
ree pacilpocrpaHeHa B froA3eMHbrx BoAax Mr4fpaullfl. pacrBopeHHofo Betue-
crBa B Br4re KoMrrJreKcHbrx coeAr4Heuufr.3ru coeAtrqeqvrfl. orrl4qarorcs or-
HocurerrbHo Bbrcoxofr pacrBopr.rMocrbro, a cJreAoBareJrbHo,, H cyulecrBeHHo
yB en Lrqr4B aror Mrrrp auuoHHyro cno c o 6so crb o 5p a:yroulux r{x sreMeHToB.
Cnocodnocrb 3ireMeHToB K KoMrrJreKcoo6pasoBaHr,rlo orpalxaer 3Hep-
rr4lo cBfl3kr 3reKTpoHoB c xgponr. B 3aBr4ckrMocrr4 or crpounnfl BHerrrHr4x
3reKTpoHHbrx o6oro.{eK, xrrMrrr{ecKr4e 3JreMeHTbr Mr4rpr{pyror B pa3rrr4r{Hbrx
KoMrrreKcax (ra5 l.  2.3).
T a6tuua 2.3
@ op urr MHrp auz vr p a3 mrrrHE rx xr4Mur{ecKr{x 3r eM eHToB
(no C.P. KpafiHoey ra B.M. l l leeqy, 1980)
B [oA3eMHbrx Bolax qacro o6pa:yrorcr Karr{oHo- 14 aHr,roHoreHHbre
SreMeHToopraHr4qecKue coeAHHeHvrfl, o6raAarourue 6onruofr ycrofruu-
Bocrbro pr BbrcoKofr noAsr4)r(Hocrbro. Hau6oree pacrpocrpaHeHbr MeraJrro-
opfaHHr{ecKl,Ie KOMIIIeKCbI XeIIe3a, AJr0l'lkrHVtfl, MeAI4, pT>lTIl .kt MbIIUbflKa
[ 1 4e].
B goHe cno6o4uoro BoAoo6ueua AoBorbHo rxr4poKo pacilpocrpaHeHa 14
Korror4AHa.a SopMa Mr4rp a\r4r4. Kor,.roragHbre qacrr4rlbr r4Meror 3apflA 14 or-
nuqalorc.q 6ommvuvr naccofi 14 yAeJrbHofi uoeepxHocrbro rro cpaBHeHr{ro c
I{oHaMI,r .{ MoJreKyrrauvr. E.naroAap-s 3ToMy oHr4 copdupyror ilporr4Borrorox-
XuunqecKr{e 3JreMeHTbr @opnru Mr4rpaur{H
I 2
Li, Na, K, Pb, Cs, Ca, Sr, Ba Men-
Mg, Be, A1, Sc, Y,La,I  TR,
Tt, Zr, Nb, Ta
Me'",
MeF,i'- , MeF,,2 , ve(Cor)','i,- ,Me(oH),',,'-
Cu, Ag, Au, Zn, Cd, Hg, Pb,
Bi. Mh. Fe
n t
Me'i,' ,MeBri' ,MeCl'i ,Me(SOr),',,'-, Mu(HS1',' ,
MeOH l,'- ,l,fe(COr)
Me
B,, C, Si,  N, P, V'  S, Se, W, F,
Cl.  Br.  I
A'' , Mes'i
Ge, As, Sb MeO'i- , MeS',i'
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Ho 3apflxreHHbre noHbr KaK iloBepxHocrbro (a4cop6uur), TaK 14 BHyrpeHH\rMr4
cro.f,Mr4 (a6cop6rJkrfl). KorroraAna.fl Qopnra Mr4rpaur4r4 uauSo,uee r?rrrr{r{Ha
rrs Si A1, Fe, Mn, P, As, C, pexe -Zn, Cu,Ni, Pb, Cr, Tt,Zr, Bi, Cd, Pt.
Bo B3Becflx - rracrnrlax pa3MepoM cBbrrrre 1000 A Murpaur{fl Mr,rHe-
parbHofo 14 opfaHr4qecKofo BeruecTBa B rrol3eMHbrx BoAax ocyuecTBrfleTcfl
rcpafine peAKo. Tar<as cpoprna Mr4rparlr4r4 Bcrper{aercr Jrr{rrrb B r{apcroBbrx, a
TaKx(e orKpbrrbrx rperuprHHbrx KorrJreKTopax LrB rvqpofeoxlrMprn o6r,rqHo He
paccMarprrBaerc.f,.
Taxurt o 6p as ou, rronBlrx{Ho crb xHMur{ecKlIX SJIeMeHToB 14 co e Avrueuufi
B pacrBope 3aBr4cr,rr KaK or BHyrpeHHIrx cgofrcre aroMoB 14 r4oHoB' TaK 14 or
ycronnfi cpeAbr Mr4rpauuu. VIx coBoKyrHocrbro u oilperer-flerc-s iloBeAeHr4e
pa3rHr{Hbrx BeruecTB  rroA3eMHbrx BoAax.
B np arcrnq e cro fi rr4lp o re oxr4M r4rr Axr xap aKTep r4cr LrKr4 Mr4rp aqu o uu o it
cnoco6uocru cyulecrByer rroHflT:ae r4HTeHcrrBHocrr4 Mr4rpaqlru. rroA xoropofr
creAyer [oH]rMarb Mepy cnoco6Hocrr4 aroMoB tr MoJreKyr BeruecrBa K pac-
TBopeHuro. l:rx Korl4rrecreenuofr xapaKTepLrcrLrKrr r,rHTeHcrrBHocrr4 eoxHofi
MrrrpaIII4Ir sJIeMeHroB A.I4. fleperuuaHoM npeArolKeH xoa$cpurlueHr BoA-
soil uurpaL\r4Lr 12231, orpaxalounfr ee 3aBr4cr,rMocrb or creneHr,r Bbrruera-
r{uBaeMocrz 3reMeHTa rr3 ropHbrx nopoA r4 MrrHeparroB. Taxax oueHKa Mr4-
rpaquoHHofi cnoco6socrr4, 6erycnoBHo, He flBr-qercr u4ealtuofr. Ho oHa
rlo3Borfler Soree r4rrr4 N{eHee o6rexrr4BHo oxapaKTepr43oBarb rtoBereHr4e xr4-
MI4qecKI4x 3reMeHToB  crrcreMe "nopo4a - BoAa" e upe4erax 3oHbr rr4[ep-
feHe3a.
flonaunto A.I4. llepensuaHa rroilbrrrr4 oueHr4Tb uHreHcrrBHocrb eoAuoii
Mufp aurrr4 np eArrp r4Hr4M arr4cb tr,Apyruu 14 vrcc rre Ao B arer q wu 126, 29 61.
B oKl,IcrplTemHofr odcrauoexe orreHb errcoxofi rrorBt4)KHOorbFO or-
ruqarorcx: S, Cl, B, Br, I. Ierxono4BtDr{Hbruzt rBrrfl}orc.q: Ca, Na, Mg,, F, Sr,
Zn, IJ, Mo, Se. Cpe4Hefi Mr4rpauilouuofr cnoco6socrbro o6raAaror: Si, K,
Mn, P, Ba, Rb, Ni, Ca, Li, Co, Cs, As, Tl, Ra, a :navloree r4HeprHbrMr4 qB-
rflrorc.fl: Al, Fe, Tt,Zr, Y, Nb, I TR, Th, Be, Ta, Sn, Hf, Pd, Ru, Rh, Os, Pt.
B eoccraHoBlITersHofr odcraHoexe HaaSoJree noABH)KHr,r: Cl, B, Br. K
rerKoIIoABr4)KHbrM orHocflTcfl: Ca, Na, Mg, F, Sr. fIoAeaNHbrMr4, o6ra-
AarcIrrI4Mr.I cpeAHefi urarpaqrroHHofi cnoco6uocrrro, flBJrflrorcs: Si K, P, Rb,
Li, Cs, Tl, Ra. HaraSo:ree I4HeprHbr B BoccraHoBnTerbHbrx ycroBr4flx: Al, Ti,
Zr,Y, Zn, Ni, Cu, I TR, Nb, Co, Sc, Be, Ta, Sn, lJ, Mo, HI, Se, Pd, Ru, Rh,
Os.
B npoqecce BoAHofi nrurparJt4r4 Ha onpeAereHHbrx yLracrKax HepeAKo
npoucxoAl4T 6ucrpoe cHr4)KeHrre rroABr{xrHocrr4 orAerbHbrx xprMur{ecKr{x
3IeMeHTOB, Bpe3yrrbTaTe qefo oHr.r BbrnatraloT, pe)Ke - vcnapflFoTcq a3 pacT-
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Bopa. Taxue rBre:nvrfl. oSyc:roeJreHbr Harr4rrveM B rrpupole "reoxHMI,IqecKI4x
Sapsepoe", [peAcraBirflrorrlux co6ofr ylracrKr4 pesr<ofi cMeHbI ycroftuuBblx
reoxr4MrrlrecKux oScraHo uorc 12231.
feoxllnrnlrecKr4e 6apsepsr Moryr Srrrs ecrecrBeHHbIMI4 14 I4cKyccrBeH-
HbrMr4 (rexHoreuurrua), Ho MexaHr{3M ux AeficrBr4fl Mo)Ker 6snr zAOHru.I-
HbrM. BrrAer-f,ror MexaHr4rrecKne? Susr,rxo-xr4Mzr{ecKr4e v Sv.oxuwuqecKl4e
6aprepu. MexasuqecKr4e Sapreprr Bo3Hr{Karor BcrrercrB?re yMeHbrrretutl
cKopocrr4 ABrrx(eHafl rroroKoB. Er.roxunrr4r{ecKr,re 6aprepsr cB.rr3aHbr co cro-
coSuocrbro MuKpoopraHr43MoB HaKarrrurBarb e ceSe pa3rlrrrHbre xnMr4rrecKne
SreMeHTbr) cop6rapya nx Lr3 pacrBopa. C 3TrrMr.r r4ilawr4 reoxr.rMr4qecKr4x
Sapsepon cBfl3aHo o6pa:oeaHLre HeKoropbrx Br{AoB ceAr4MeHToreHHbrx ilo-
re3Hbrx rrcKorraeMbrx. Hara6orsruee 3Har{eHr4e Ar-s Boruofr nrurpar\ukr nMe}or
$raszxo-xrrMr4r{ecxue 6apreptr (rad n 2.4).
Taltuua 2.4
OcHosHbre Susnno-xr4Mr{r{ecKr{e 6aprepu,
BrHqroruue Ha BoAHyro Mr4fpaur4ro
BH4 reoxl{MnrIecKofo
6aprepa
Vcroeuq o6pa:oea:nufl 14 xapaKTep eognefrcrBr4fl Ha
pacTBopeHHoe BeulecTBo
2
T ep l,r o4u n aNa H.I e c xI4 fi BosHnxaer Ha ylracrKax pe3Koro xo:re6auufl TeM[eparypbr
AaBneHr4r. -fle,'rsercr oAHr4M r43 Ba)KHefrutux (raxropoe ru4-
DoreoMa;rbHoro MrrHeDa;roreHe3a n uedreragoo6oa:oBaHut
u
Oxtrc,rurerrHrtfr OSpa:yercr B Mecrax pe:xofr cMeHbr BoccraHoB[TeJ'IbHLIX
ycnoerzfr oKr{crr{TerbHbrMr4. llpn :rou cHaxaerct MI4rpaIII4-
oHHa-f, cnoco6Hocrb rex 3.rreMeHToB, Koropbre B oKr4c,'rfi-
remsoir Soprre Mrrrprrpyrcr ropa3Ao xyx(e (Fe, Mn, S u
ap.). Harz6oree xapaKrepeH Anfl oqaroB pa3rpy3Kl4 BoA rny-
Soxoro QopunpoBatr4fl, Koropbre, norraAar B 3oHy ceo6o4-
Horo eo4oo6ueHa, cMerrrr4Barorcr  Kr4cnopoAcoAeplKaulnN,{ll
usdurrrpaqrroHHbrMr{ BoAaMrr
Boccrauoeurerrurrii O6pa:yer c fl npr4 cMeHe oKr{c Jrr{Te.nE,Hbrx yc,'r o e rzn BoccraHo-
BI4Te,!bHbrNltr, LITo o6r,tqgo flpoL{cxoAHT KofAa KlrcnopoAco-
Aepxau_\r{e Bolbr BcTpeqarcT Ha cBoeM ryrr{ cepoBoAopoA.
llpu:ron B ocaAoK BbrflaAaror cynrcpnAbl MHorI{x MeraJIJloB
(Fe, Zn, Pb, Hg, Ag, Cu 14 Ap.). XapaxrepHbrM rrpr.{3HaKoM
cy ule crB o BaHafl TaKo ro 6 ap r ep a r BJrr ercr Harrvqr4e cp eAr{
PYAUTTX MrZHep anOB nr4prlTa, MapKa3r4Ta, apc eH ofivpvT a 14
.qp.
U-{eno.rHoia BogHuxaer Ha yr{acrKax pe:roli cMeHbr KncJrbrx no4 uei.i-
Tpan bHbrM tlr uilv cn a6o ulerorrHbrMr{. Hau 6o,r ee xapaKTepe H
An-fl 3oHbr oKncleHrrq cyrr$aAHoro opyAeHeHun. OSpa3yer-
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ap6oHarur,rfi
c-[ TaK)(e [pr{ B3ar{MoAefrcrezr4 BblcoKoreMrreparypHblx
Kr4c.rrbrx fHApoTepMaJrbHbrx pacTBopoB c BaAo3HbIMr4 BonaMI4
(uro, no-BHArrMoMy, r{MeJro Mecro rlrrpw o6pa:oeauuuHu-
Kr4ToBcKoro pyAHoro nortr). llpz n:azNroAericreu[ opeonb-
Hbrx BoA oKncn.sroruerocr cynrrpu4uoro opyAeHeHrrr c Kap-
6oHaruuvu [opoAaMH [porlcxoAr4T yBenarreH:ae wx pH, uro,
B CBOIO qepeAb, rrpr4BoAr4T K rrocneAoBareJrbHoMy Bbr[aAe-
IIIIHbIX MCTAJI,IOB
BosHzxaer [pr4 B3ar.rMoAei.tctsww BoA, Koropbre coAep)Kar
3-rreMeHTbr, o6pa:yroulre rpyAHopacrBopr.{ Mbre xapSouaru c
r43B ecrH.rrKaMr4, Ao,[ oM r.rraMl{, M er ov. flp lrv ep oM M o)r(er
cnyx{r.rrb o6pa:onauue $:toopHroB lloxpono-Kapeeec Koro
MecTopox(neHI]A
O6pa:yer cfl Ha yr{acrKax crrrrbHoro




Alcop6qnounrrfi Moxer Bo3Hr4KHyrb Ha KoHTaKTe rroA3eMHbrx Bon c [opo-
AaM H, o6naAarorqnri,rn cop6unoHHbrMra c noi.rcreanru ( r,r rz H sr,
rop$rr, yrlrr, 6oxcurrr r.r r.A.). llpra :rov orpruare,rrbHo 3a-
pqxeHHEre r,qnHbr, >,rrvl, ropQsr u Apyrt{e [opr4crbre orrro-
)Ke Hr4q a4c op6zpyror [ono]Kr4Terr bHo 3aprN(eHHbre xnMt{qe-
cKr4e 3JreMeHTbr, coAep)Kauluecq BpacrBope (npeN4e Bcero
nerarlr,r ). HanporizB, rroro)KureJrbHo 3apr)KeHH sre 6oxcnrrr
ra 6yprre rte,rre3HrK v rrptrr fllvBaror aH 14 of e HH bre SreMeHTbr.
llpuuepu cyqecrBoBaHuf, 3Toro f eoxr.rMrrr{e cKoro 6aprepa
BcrpeqarcTcfl noBceMecrHo. OlHaxo 3HaqnrerbHblx cKorne-
Hnfr py4HbIX MI4HepaJ'IoB, cB.f,3aHHbIX c Hr{M, B pefl4oHe Her
Kponre yKa3aHHbrx, cyulecrByror rr Apyrve reoxuMurrecKue 6apseprr
(xacrsrff, cyrb$arHbrfi vr Ip.). Bce oHrr r4rpalor BDKHyro porb B pac-
ilpeAereHr4r4 tr KoHueHTpaL\prr4 BeuIecTBa. llo:rouy r4x r43yqeHue l{Meer
Soluuoe 3Har{eHHe Arrfl rroHaMaHufl rrpoueccoB MacconepeHoca B no,q-
3eMHofi fr4Apocoepe.
2.1.2. I lpuporHbre Qanropbr r{ rrpoqeccbr QopuupoBaHufl xrrMrrqecKoro
COCTABA TIOI3EMHbIX BOtr
@opnarapoBaHrre xuMaqecKoro cocraBa [oA3eMHbrx Bor onpeAer flercfl
npoueccaMtr, npor4cxo xflrrJr4Mr4 B 3eMHofi rope rroA Bo3AeficrelreM AByx npo-
TI4Bonoro)KHbIX rpynn QaxropoB - DHAoreHHbrx 14 3K3oreHHbrx. llocre4urae,




B aNHefi rur4Mr4 ilp H p o AHbrM r{ S ar<rop an'rra $ o p u lrp o B aHl4-fl xI,IMI,Iq ec Ko f o
cocraBa noA3eMHbrx BoA -flBrfllorcx feoJrorr.{LrecKne, Srasvtxo-xuMl4qecKlle,
Sa:arco-reorpaSr4r{ecKr4e rr SnororuqecKue. lloapo6HoMy r4x paccMorpe-
Hr{}o frocBflureHbr MHoroqr{cJreHurre pa6omt [7, 70, 4I, 46, 55, J6,91, 108,
1 3 1,  133,  135,  1 49,  17 4,  20I ,  225,  236,  237,  248,  27 5,  292 u rp. ] .  l lo : ronry
ocraHoBr4Mcfl rr{rub Ha rraBHbrx oco6enHocr-sx zx eogleficrBkrfl Ha iloA-
3eMHyro na4pocSepy.
OcHoeHo e BrrvrflHkre Ha npoueccrr QopnupoBaHr4fl iloA3eMHbIX BoA oKa-
3brBaror eororr,rqecKue Saxroprr (rexroHuKa, MarMaru3N,I, rl,ITororn.fl, reo-
TepMr4rrecxufi r{ ra3oBbrfi pexnnr), roroprre 4eficrByror Ha BceM nporfl)Ke-
HHr.r cyruecrBoBaHpr{ notr3eMHbrx BoA. Tarc, rro 3oHaM aKTr4Br43r{poBaHHbIX
TeKToHr{rrecKHX pa3roMoB rrpor4cxoAlrr iloAToK 3HAoreHHbrx Qrrora4oB, sB-
I_flIOUJHXC.q BaX(HbrM TTCTOqHIIKOM B rIOA3eMHbrX BOAaX pa3II4r{HbIX MI4KpO-
3reMeHToB r,r ra3oB Ha nporfl>KeHzrrr ecefr rrcropzrv pa3BrTvrx luenpoBcKo-
troseuxofo aBraKoreHa.
Iurororvuecrcvfi cocraB BotroBMerlarculr4x rropoA - BeAyIrIufi $arcrop
cpopnrrapoBaHr{fl "Souoerrx" Bo.q BepxHrrx rrrApotrzHaMur{ecKl4x 3oH. OH on-
peAerrfler npoueccbr KaruoHHoro o6uena, BbrrueraqvrBatr4fl 14 pacrBopeHnfl
ropHbrx nopoA r4 Mr4HeparoB? 3a crrer Koropbrx rrotr3eMHbre BoAbr oSora-
u{aFoTc_fl ocHoBHbrMu MaKpoKoMiloHeHTaMpr, HeKoTopbrMr4 fa3aMI,I 14 MI4Kpo-
3reMeHTaMr4" B ruy6oxnr rr{rporeororulrecKrrx crpyKTypax aBiraKoreHa,
r4HTeHCr,rBHO AI4CIOUI{pOBaHHbrX pa3pbrBHbrMn TeKTOHI,{qeCKHMI4 HapyUC-
HLrflMLr) porb rr,rroJrofnr,recKofo cocTaBa BoAoBMeruarcruHx rlopoA yMeHbIIra-
ercs B cBfl3r4 c Bo3pacraHneM porr4 ilpoAyKToe rny6uHHoro rerrJroMacco-
ilepeHoca e Sopnrr{poBaHr4r4 xr{Mr4qecKoro cocraBa Bor.
llpoqeccrr MarMarrr3Ma, KaK ylxe yKa3brBarrocb, cblrparl4 cyuecr-
BeHHyro porb B HaKonreHr4r{ B ApeBHr4x rrol3eMHbrx BoAax pefl,loHa pa3-
IfiqHbrx KoMfroHeHToB, qacTb H3 KoTopbIX oTJrox{r4Jracb B nopolax B BI{Ae
pa3rr4rrHbrx Mr4HeparbHbrx o6pa:onauufr. B rry6raHHbrx 3oHax seN{Hofi Kopbl
xuMr4qecKr.re 3rreMeHTbr MafMaTI4LIecKofo eHe3rrca Mofyr HaxoII,ITbc-s Bo
@rrourax, rrocryilaloulr4x rro pa3roMaM 14 B Hacro{ulee BpeM.s U791.
B npe4eJrax reorepMr4r{ecKr4x aHouanvtit o6pason aHlae Koropbrx HeKo-
Topbre r4ccreAoBareJrr4 cBfl3brBaror c nocTyrrJreHr{eM ilepefperblx pacrBopoB
or rry6raHHbrx MarMarr{qecKprx oqaroB K rroBepxHocrr,r 155,278, 300], $op-
Mr{pyrorcfl BoAbr, o6tyvti't, Mr4KpoKoMnoHeHrurrfi r.{ ra3oBbrfi cocraB Koropblx
cyulecrBeHHo rrurraerc.q or $ouoeoro.
f asosufi pe)r(r4M rroA3eMHbrx BoA Sopmupyercr nor eosrefrcrBl4eM
3HAoreHHbrx (nocrynreHrre AByoKr4cr4 yfJrepoA?, rervfl, BoAopoAa H trp.),
ruroreHHbrx (odpa:onaHr4e fa3oB B pe3yrbrare npeo6pasosaHufr B ropHbrx
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nopoAax - Kr4crropoAa, a3ora, MeraHa, cepoBoAopoAa v Ap.) LI ol4ofeHHblx
rpoueccoB. fa3br r4fparoT BalKHyro poJrb B o6pa3oBaH4kr ocHoBHbIX aHr{oHoB
noA3eMHbrx BoA - rr4ApoKap6oHar-r4oHa, cyns$ar-HoHa, xrop-I4oHa vr oKa-
3brBaror BrI,IflHI,Ie Ha [oABl4xHocrb pa3rI4r{HbIX xI4MI4r{ecKI4x 3reMeHToe. Ha-
cbrureHHocrb Bor yfreKl4crorofi ee4er, HarrpuMep, K floBbltxeHuro nx arpec-
cr4BHocrrr 14 yBeruqeHr4ro pacrBopurem,Hofi cnoco6uocrr.I MnHepaJlbHoro
BerrlecTBa rropoA.
@zsuKo-reorpa@Hr{ecKLre cpaxropu (penreS, rrrApororl{-f,, xlnltar)
oKa3bIBaIOT CytUeCTBeHHOe BrII,IflHr{e Jrl4rrrb Ha QOpMr4pOBaHI4e Xr{MI4r{eCKOfO
cocTaBa rpyHToBbrx BoA. Tax, B ycloBlrflx KoHTr.rHeHTarbHoro pexl4Ma B
rpyHToBbrx Bolax orMer{arorc-f, -flBreHrr-fl ucilapr{Terrsofi KoHueHTparJr4Lr x 4-
Mr.rqecKr4x SreMeHToB. HaraSoree xapaKTepHbr oHr4 rrlt rcNuofi qacrr4 Tep-
p r4T opr4vr 14 cc Jr eA o s auuft .
@uszKo-xr4Mr4r{ecKr4e Sanropu (cnoficrna 3reMeHToB, pacrBoplrMocrb
xrrMI,IqecKI4x coeAI{Heuui1 KIrcJIorHo-uleroqHbre 14 oKplcJlrrrerbHo-
BoccraHoB?rreJrbHbre ycrroBr4fl cpeAbr Mr4rpaur4r{, iloHHbrfi o6ues 14 Ap.) oKa-
3brBaror Sommoe Brrlrfl:n:ae ua cpopur4poBaHlre xr4MzLrecKoro cocraBa KaK
rpyHToBbrx, TaK r4 rroA3eMHbrx BoA rry6oxux roplr3oHroe. OAHTTM r{3 Ba}K-
seilurux cpaxropoB rrpr{BHoca B nor3eMHbre BoAbr xr,rMur'recKr4x 3reMeHToB r{3
BoAoHocHbrx ilopoA .f,Brflercq 4eficrnue r4oHr{3r4pyroqefr pailvargw, B pe-
3yJrbrare xoropoft BbrHoc orAeJrbHbrx xr4MrrqecKr4x 3reMeHToB r,r3 Mr4HeparoB
B Bory yBerr4rrr4Baercfl u 2-247 pas 146, 51]. Karnosurrfi o5ueH, 3aKruo-
qarculraficfl B xr4Mr4qecKoM B3arauoAeficrBtrtt roHKo4r4crrepcHofr qacmr rop-
Hbrx nopol c Bo,4HbrMr4 pacTBopaMu, npr4 cooTBeTcTBylouzx ycJloBl4-qx Mo-
x{er crarb BeAyulzv SarcropoM MeraMopr$uzaguu rrpr4poAHbrx BoA 12361.
3ua.reHr.re 6xororr4r{ecKprx SaxropoB B QopuupoBaHr4v xp{Mar{ecKoro
cocraBa [oA3eMHbrx BoA perr{oHa Ao cr4x rrop ocraercfl, Hel43yr{eHHrrlt. Oif-
HaKO, MOXTHO ilpeAilOJroxr4Tb, qTO B 3OHe fr4nepfeHe3a Mr4KpOOpfaHIr3MbI 14
npoAyKTbr HX xr43HeAe.qrerbHocrr4 yqacrByror B 6olsuruHcrBe reo-
xIIMI4qecKr{x [peo6pasonauvtfi B cucreMe "nopora - BoAa". C HuMu cB-s3aHbr
rpouec crr cy:mQ arpeAyK r\vh, o6pas oe aHVfl 3K3o reH Hbrx ra3o B - yrre Kr{cr o -
TbI, cepoBoAopotra, a3oTa, KrrcJropoAa, MeraHa, pa3pyrueHr,rq cy,u$ra4Hbrx
MI4HepaxoB 3oHe oKncJreHkrfl, BrreHr4-fl KoMrureKcoo6pasonatvrfl tr copdquz
X H MI4I{CCKI4X 3ICMCHTOB.
Pom pa3rl4lrHrx SaxropoB rr npoqeccoB n @opnrupoBaHnr4 reoxr4Mr4-
qecKr4x rr,rnoB BoA oilpeAerflerc.q r:ry6raHofi 3areraHnfl BoAoHocHErx ro-
pt{3oHToB 14 KoMrIreKcoB. Kpoue roro, Somruoe Btr4flHr4e Ha 3To oKa3brBaer
TeKTOHTTKa fHApOfeorofr,rqecKrrx cTpyKTyp, cTeneHb r4x ft{ApoAr4-
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HaMr,lqecKofr pacKpbrrocrv v, KaK creAcrBHe - r4HTeHcHBHocrb Macco[epe-
Hoca B noA3eMHofi fr4Apocoepe.
@opuvpoBaHr4e rr4ApoKap6ouarsux BoA Karbrlr4eBoro, MarHr.reBoro 14
cMeIrIaHHoro KarrroHHoro cocraBa c Mr4Heparuza\uefi 1,0-3,0 r/n upoucxo-
AI4T B pefl4oHe, KaK rlpaBl4ro, B ycJroBrrflx aKTrrBHofo BoAoo6ueua 3oHbr rvr-
rTepreHe3a npr4 pacrBopeHvrr4 r4 Bbrrrlerar{r4BaHvru Katb\r4ir- 14 MarHr4ficoeep-
x{alunx MI4HeparoB - rr4rrca, KaiTbrlr4Ta, troloMura kr Apyrr4x. 3ru peaKur{H
KOHTpOIII4pyTOTCT OAep)KaHUeM yfJreKr4CrOTEr B nOA3eMHbrX BOtraX H [pO-
rrcxoxflT rrpn ee agSrrrre ilo cxeMe:
CaC03 + C02 + H20 5 Ca (HC03)2.
OcuoeHr,IM npoueccoM rrpl4 3ToM .f,Br-qercfl r4oHHsrfi o6nreu, roroplrfi
onpeAer-aerc-fl crpeMreHr4eM cr4creMbr "BoAa - nopotra - ra3 - opraHzqecKoe
setuectso" K Qrasrarco-xrzMr4qecKoMy paBHoBecl4ro kr rroArrnHqerc.s 3aKoHy
;1efrcreyrctunx Macc. flocxomKy rrpupoAHbre a4cop6eHrbr B nepxuefi uacru
ruAporeoJIorl4r{ecKoro pa3pe3a r.rMeror, B ocHoBHoM, orpuuarerugr,rfr 3apr1
(xolloltAbl, fJltr{Hbr, opraurara), Mexqy BoAaMI4, BMeruarcru?rMrr r4x rropora-
ML4 rr 6uorenublMr{ o6pa:oe a:nr4fllr'r4 rpor4cxoA.f,T peaKrlr{r{ Karr4oHHoro o6-
NIeHa. SHeprux peaxqzfr gaBncvrr or BareHTHocrr4 KaraoHoB, r4x aroMHoro
Beca Lr pa1vryca. Henr oHa Bbrrrre, TeM cr{rbHee Kar}roHbr ilorJroruarorc.q r43
Y ^ - rpacrBopa: K > Na-; Ca"-> Mg'- 12251. OdqsarerbHbrM ycJroBr{eM rrporeKa-
HLtr STtrx npoueccoB flBrrflercfl pa3Hocrb Mex{Ay KoHqeHTparyveft pacrBo-
p.qrctuefoc-f, BeulecrBa Ha iloBepxHocrrr reepAofr cpastr rr ero KoHqeHTp a\wei,t
B pacrBope. llpn 3roM llpeAerbHafl KoHqeHrpaqr4fl BerqecrBa B nog3eMHbrx
BoAax onpeAerfl,ercfl KoHcraHrofr ero pacrBoprrMocrrr. fu4poxapSoHaruo-
KarL'uI4eBbIe, MafHneBble, a raK)Ke KarbuI{eBo-MafHI4eBo-Harpl,reBble Bolbr
HMeFor SrxsKlae r< nefirparbHbrM 3HaqeHr.r{ pH v pacrrpocrpaHeHbr B LtrH-
t -
QI,IJrbrpaIII{OHHbIX CUCTeMaX Kar4HO3Or4CKO|O, Me303Or4CKOfO 14rraleo3Or4CKO-
fo Bo3pacTa.
ConeprueHHo I{HbrM ilpexcraBrflercfl reHe3r{c u1eroqHbrx (pH 8-9)
npecHbrx t{ yrbrparpecHbrx (M 0,3-1,5 r/n) rz,Tpoxap6oHarHo-Harpr4eBbrx
eoA, oqarl4 BocxoA.qrqeil pa3rpy3Kr4 KoTopbrx Bcrpeqarorcs B 3oHax aKTr,rBr,r-
3I4poBaHHbIX rny6nHubrx pa3roMoB. @opuzpoBaHr4e r4x Mo)Ker 6rrm cB.q3a-
Ho c a6uoressofi Aecy:m$arusaqzefi 14 Aexroprrrr{3aunelt eol B npr4cyrcr-
BHI4 yrreKl{crorbl I,I MeraHU a B HeKoropbrx cryqaflx v c KarvroHHbrM o6nre-
uona f242]. Taxne peaKuI4I4 nponcxor.f,r rrpr4 B3aniraoAefrcrBvrv rr4trpoKap6o-
H arHo - KaJIb uueB bIX B oA c aatpuitc oleplKauruMa rruHrrcrbrMr{ rrop oraM w Ha
ue6omurux uv6uHax:
ca(HCo:)z + 2Na* 5 2Ca2*+2NaHC03
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Otruaxo Ha6nrotraloueecr [pocrpaHcrBeHHoe coBrraAeH]re or{afoB pa3-
rpy3KlI [Ieror{HbIX Hr.I3KoMr4HeparH3oBaHHbrx rr4ApoKap6onaruo-Harpr4eBbrx
BOA C TeKTOHHT{eCKI4 aKTrrBr43r4pOBaHHbrMr.r yqaCTKaMr4 AOJT|OX{r4ByUIHX pa3-
,,'loMoB, yKa3bIBaeT Ha BO3MO)KHOCTb CBfl3I4 raX QOpnrUpOBaHr4fl C 3HAOfeHHbr-
MI4 rlpoqeccaMll, B pe3yJrbrare Koropbrx [por4cxoArrr BbrAerreHr.re OH', HrO*
14 trpyfl4x coerl4Henufi. K raKoMy BbrBoAy npr4rxrr4 HeKoropbre r4ccre-
AoBarerl4 [150, 159, 247]. B pe:yrbrare r43yr{eHu{ reororr4r{ecKnx r.r reo-
repM14qecKr,rx yc.noeuu o6pasoeaqr4fl rr4rpor<apSoHarrro-Harpr.reBbrx BoA
W.A. Iarynoeofi (1979) ycraHoBreHa npr4ypoqeHHocrb r{x K oSracr-sM arb-
nnftcxoro TeKToreHe3a, a B r4x npeAeJrax - K sara6oree rry6oxuM, rrporpe-
TbIM r{acr-sM SaccefrHon. Oco6eunocrr{ coJreBofo (errcoxoe coAepx{aHr{e
HCO3-, B, Hg, Li, Rb, Cs, I r4 Ap.) r.r ra3oBoro (npzcyrcrBr4e COz) cocraBa
BoA IIo3BoruIrr4 npeAnoJro)Kr4Tb, qro B rax o6pasoBaHLrut ilpr4Hr4Maror yrracrhe
r:rySzuHue Srrcr4lbr ll52l. CouacHo HarrruM pacqeraM, oAnofr vs uau6o-
ree Bepo.flTHbIX rtpl4qr,rH $oprmpoBaHr{fl ua r:rySvHax cBbrrrre 1-2xu [pe-
cHbIX rl4lpoKap6ouaruo-HarpneBbrx BoI Moxer 6tnt :S$exr "BcKr4ila Hwfr"
neperperbrx (t'> I 00- 1 500C) xrropr{AHo-(ra4porcap6oHarHo)-narprreBbrx eor,
tITo cBfl3aHo c pe3KI4M [aAeHr4eM AaBreuvrfl trpr4 ilorraAaHrrr4 r4x (e npouecce
Beprl4Ka:rluofi pa3rpy3Kn) n soHbl pa3ynJrorHeHr4.rr nopoA. flpu 3roM ilpouc-
xoAtrr BbIreJIeHI4e r ryr{zx (xropa), 
.uecy:m$arns arrr4fl BoA H BbrrraAeHr4e B
ocaAoK co:refi KaxbUI4t u l/larHvrq, qro, B cBolo oqepeAb, npr4BoAr4T K 3Har{rr-
rerbHoMy yMeHbIrIeHI,IIo Mr4Heparn3arJnr4 pacrBopoB. B pe3yrbrare oSpa-
3yrorcfl orpecHeHHbre rr4Apoxap6ouaruo-(xropa4uo)-uarp14eBbre BoAbr,
rl{H3br Koropbrx Bcrpeqarorc-r uartySuHax Ao 5 - 6 rcu [296].
Cyrt$arHble, a raK)Ke cynrQarHo-rr4Apoxap6ouarHbre u cyrucparHo-
xIopI4AHbIe BOtrbI pa3II4r{HOfO KaTr{OHHOfO COCTaBa rraCTO BCTper{arOTCq KaK
B 3oHe cno6oAuoro Boloo6ueua, TaK 14 n r:ry6oxo 3aJrerarorUr{x fopr43oHTax
N,le:ogofrcKux 14 naJreosoficxnx orrolKeHvfi. TIpn 3ToM orMer{aerc.fl cneAyFo-
u-laq 3aKoHoMepHocrb : cyrsQar-?roH? coAeplKaHze Koroporo He3HaqHTerbHo
B [pecHbIX BoAax, I,Irpaer ece 5oruuee 3HaqeHr4e c pocroM MuHeparru3arryrv,
coxpaH.qq 3Ty reHleHuuro 
.qo ypoBHfl corroHoBaTErx eo4 (uaHepaJrr43arlufl -
3,0 r/r) 1137, 2371. B ueroM pacrpocrpaHeHne v cpopuupoBaHr4e cyrucpar-
HbIX BoA orlpeAer.qercfl croxHbrM KoM[reKcoM reororr4r{ecxrax SaxropoB,
eaxuefruLrMr4 I43 Koropbrx flBrsrorc.f,: HaJrr4qr4e B pa3pe3e cymSarcorepxa-
tuHX orrox{eH vfr w ne$rerasoHocHbrx KoMrrJreKcoB ; Jrprrororo-SaqnaruHufi
cocraB BoAoBMerrlarculi4x rropoA ; 6uoxuMrrr{ecKr{e oco6eusocrr,r BoroHoc-
Hbrx foprr3oHToB 14 rrx fr{ApotruHaMurrecKne ycJroBr.rfl [155., 228].
flocrynleHr4e cy:nSar-proHa B nor3eMHbre BoAbr cBfl3aHo c pa3-
JIH.IHIIMI4 reoxklMllr{ecKr4Mr4 ilpoqeccaMlI. B soHe fl4ilepreHe3a eaxuefiruee
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3HaqeHae, rIo-BI,IrI4MoMy, r4Meer cyxb$arperyKrlr{q. Oco6eHHo r,rHTeHcprBHo
3Tor npouecc rporeKaer Ha rpaHr.rue o6orauleHHbrx cepoBoroporoM ue$rx-
HbIX BoA c uuQnmrpaur4oHHbrMrr BoAaMZ l22\l. 3saqarerbHylo porb B Ha-
Ko[rIeHI4u cym$ar-I4oHa B rror3eMHbrx BoAax r4rpaer pacrBopeHrre 14 Bbrrue-
rar{trBaHue rl4ncoB Ir rorroMr4Tov 12371. B yro:rbHbrx rxaxrax 14 HerJry6oxo
3areraloilIplx BoAoHocHbrx ropr{3oHrax Kap6oHa lou6acca cpopnrapoBaHr{e
cyrsclrarHblx BoA rlpor4cxotrr,rr [pr4 oKr4crrennvr ilupvra r{ Apyrlrx cy:ncpr,rg-
HIIX N{zHepaJroe. llpouecc uHTeHcr4Qzuupyerc.q B rpacyrc rBwvr pacrBopeH-
HbIX HzTparoe. lIpo4yKTaMH peaKur4u rrpr4 3ToM flBJrflrorcfl ra3oo6pasurrfi
a3or, cyrtQar-?IoH H IByxBaJreHrHoe xere3o 1345]. B goue ceo6oAuoro Bo-
Aoo6uesa o6pasoBaHue cymSar-proHa rrpor{cxo ttrr kr r]pr4 oKacreHr,rr{ Mr4-
HeparloB cynrQu.qHbrx pyr. Taxne [poueccbr ua6:toAarorc-fl Ha aHTprKrr{-
HarbHbIX crpyKrypar NuenpoBcKo-troueuxoro aBraKoreHa (nopoeu Koro-
pbIX coAepxar flrApoTepMaJrbHyro rroJrr4MerarJrr.rqecKyro 14 pTyTHyro Mr4He-
paJll43aul4ro), a raK)Ke n pafrouax pa3Bvirr4.f, MeAr{crbrx rrecqaHr4xoe EaxMy'l-
cxofi Ko'rJIoBrrHu. He MeHee Bax(HbrM ucror{Hr4xol,l o6pa3oBaHr,rx cynr$ar-
I{oHa crlyxar 14 npoAyKrbl frrybuuuux ilpoqeccoB B geN{Frofr Kope. Tar, eo
MHoTIzX Mecrax BAorb aKTr,rBr,r3r{poBaHHbrx pa3roMoB rrpot{cxoluT cBo6or-
Hoe BbITeJIeHI{e c poBoAopoAa (f,pyNxoscxo-KoHcraHrr4HoBcKafl, foproe-
cKaq aHTI'IKJII4Hart, CraeqHcxufi r<yno:r r Ap.), r<oroptrfi KoHTaKTvrpyr c r{H-
$ursrpaqaoHHblMl4 BoraMrr v oKr4cJrfl-f,cr o6pa:yer r4oHrr SOo/ . @opuzpo-
BaHue cynrQarHblx Botr npozcxoAr4T raKx{e kr ilpvr cMerrrurB aHVLr uy6uuurx
paccoroB c Kl4cropoAcoAepxauuMr4 arMoc$epHrnrr4 BoAaMz. B pe3yrbrare
I4x croxHoro B3al4MoAeftcrevs Bbrrerrflercfl MeraH - [poIyKT nwraHur rrn
cy:rrQarpeAyuapyrouux 6axrepwir, rol Aeficreraela Koropbrx B pacrBope
noqBr.qercq 3reMeHTapHar cepa - zcroqHr4K cyJmQar-aoHa B [oA3eMHbrx
BoAax 3oHtI ceo6oAuoro BoAoo6nteHa 15371. Kpoue roro, KaK rroKasar.u vtc-
creAoBauux VLQ-. Boexa u T.C. Hnxoraeurco [48], n uy6oKrrx ropr{3oHrax
nareo3or lHenponcxo-NoHeuKoro aBJraKoreHa SopurapoBaHne cyru$arHbrx
BoA Mo)Ker npoucxoAl4rb roA nos4eilcrBr,reM patrrrorkaa. I4uesuo srHM
frpoueccaM, IIo-Br4Ar4MoMy, npr{HaAJre)Kr,rr BeAyulafl porb B feHepaur4r4
cyruSar-HoHa B HI{xHI{x rl{ApoAprHaMr4lrecKr,rx 3oHax seNanofi Kopbr [298].
E,cnz reHe3r{c rr4ApoKap6ouarHrrx Lr cyruSarHbrx BoA oco6sx Ar4c-
Kyccl4l4 He BbI3bIBaeT,, TO Ha QOpMr4pOBaHZe XTOpUAHbTX BOI 14 paCCOnOB
cyulecrByror pa3rllr{Hbre ror{K14 3pelg^prn OcuoerrBarcb Ha [percraBreHr4.flx o
ilpllpoAe paccoJloB, Mox(Ho yrBep)KAaTb, r{To ocHoBHbrMr4 tlcrolrHr4KaMr.{ pac-
TBOpeHHbTX COrefr n luenpoBcKo-louerlxoM aBraKofeHe flBrqrorc-f, :
1. Mrarpaqar pacconoB Lrs o6:racrefi pa3pyrrreHufl raroreHHbrx or-
:ro>xeuufr n Baxuyrcrofi KorJroBr4He 14 cor-qHo-KynoJrbHbrx crpyKTyp AAB;
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Ha.
2. floeroK Bor BbrrueraqvrBaHr4fl rr3 coreHocHbrx TOIUI [epMr4 14 AeBO-
3. MorexyJr.flpHo-Iz$Sysnonutrfr BbrHoc xropuAa :narpvrr tr3 rropoA
roxeuSpziicxoro SyH4anreHra.
4. llocryrrreHr4e rerylrero xropa 14 xJropurHo-HarpzeBbrx Sruoz4oB no
r;ry6rauHbrM pa3JroMaM.
YKasauuble I4crorrHr{Kr.r coorBercrByror reopr4-sM o5 ercgoreHHoM (1, 2)
r'I 3HAoreHHoM (3, 4) npor4cxox{AeHr4n xroprrrHo-Harpr4eBbrx BoA 14 pacco-
JIOB.
3xsoreHuofi reopI4I,r SopruupoBaHrrfl xroprrAHo-Harpr4eBbrx (xars-
uHeestx) paccoJloB, rlolAep)Kr4Barorqefic.fl SomruaHcrBoM reororoB, ilocBfl-
i l IeHbr MHoroqr.rcreHHbre rpyAbr l4l, 51, 106, 236, 237, 270 u Ap.]. OcHoey
ee cocraBr.tler fl,Iflore3a o ceilr4MeHTofeHHoM rrpoucxolr(AeHul4 soA, r4cxoA.q
H3 Koropofr cocraB paccoroB clrHraerc.fl rrpor43BolHbrM nropcxofr BoAbr no-
rpebeHuttx 6accefinoe. Pacco:ru c KoHueHrparlr4efr Ao 300-400 r/r, nonaB B
nPouecce rplTofeHe3a B ocaAorrHbre lIopolbr, orxr4Ma]orc_q r13 Hprx B coor-
B ercrBy ro ulefi crpy KTypHo -TeKTo Ht{rr ecxofi o 6 craHoB Ke.
3anaeruo orruqaerc.q or npeAbrAyrrlefi ceAr4MeHToreHHo-rausramrpa-
IlI4oHHas rnllore3a, corracHo Koropofi r{croqHrrKoM paccoJroB .flBr.flerc.fl He
crorbKo ocrarorrHafl pafla rrorpe6esurrx MopcKr4x 6acceffHoe, KaK cocraB
BMeuraroulux ilopoA. OAHItnr vz sau6o,Jree r,r3BecrHbrx ee cropoHHr4KoB flBrrfl-
ercfl E.B. llnusexep (1977), xoroprrfr cr{r4Taer, r{To "...rogaBr.quua-f, Macca
KOHUeHTpITpOBaHHbIX paCCOTOB no-sBr4rracb U3 BOA pa3rr4rrHofo feHe3r{ca IIy-
reM MeraMop $wzarrym vx ucxorHoro cocraea" 12251. 3roro Ne MHeHr4fl
npl4AeplxnBarefl eule B.A. Cyrun ( 1 93 5), xoroprrfi cuurarr x:ropr4AHbre
KaIbuLIeBbIe BOAbI KOHeqHbIM ilpOAyKTOM KOHUeHTpT4pOBAHVfl rrpr4poAHbrx
BoA Ha 6olrruux rny6raHax. flauuax rr4nore3a, Koropyro cKopee cre4oBaro
5tt uasrlBaTb MeraMop$oreHnofi, oxrarbrBaer rroqrr,r Becb rr4a[a3ou Sn:r,r-
Ko-xt{MHLIecKrrx upeo6pasoeaHrafi B seN{uofi Kope. Ona qBr.flercfl KaK 6rr
npoMex(yrouHofi MexAy ?K3oreHH oit u 3HAoreHuofi reopvflMr4 cpopuzpoBa-
HI4q paccoJroB 14, ilpaKTHr{ecKr4, He no3Bor.f,eT qeTKo orrpeAerrr4Tbcfl  vlx wc-
TOLIHI,IKOM, r{TO r{aCTO I4Me eT ilpLIHUI4TIHaIbHO e 3 Har{eHI4e.
3srorenuas reopr4fl paccoroo6pa:oe aHkrr ocHoBbrB aercfl Ha rry-
6uuuol,t (roneunrbHoM, MarMaroreHHoM, KoHTaKToBo-Meravrop$oreHHoM,
rr4rporepMarlbHou) ucrouHr4Ke reHepauw paccoroB. OHa AocraroqHo noA-
po6uo o6ocuoeaHa B pa6orax psta rr4AporeorroroB 154, 55, 92, 133, 351,
368 I4 Ap.] 14 iloAnepxrrBaercr MHorLlMr4 r{ccreAoBareJrrMrr, pr3>/qarourr{Mr.{
ilpoueccbl ByrKaHI43Ma rr rr{AporepMarbHoro pyaoo6pa3oBaHu fl 17 , l4l , 191,
1941. flo MHeHI4Fo l.Yailna (1970), BBnAy rpyAHocrefr e r4ccreAoBaHr4v, )H-
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AOfeHHOMy T4CTOqHUKy paCCOJTOB B 3eMHOrr KOpe yAeJrflercfl He3aCny)r{eHHO
MaJroe BHr,rMaHr4e. Bnrecre c reM, 6araucoBbrMz pacrreraMr4 ycraHoBreHo:
BbIHoc BerrlecrBa (ocHoeHbrM KoMrroHeHToM Koroporo flBrflrorcfl xJropr4AHo-
HarpueBbre $nrorz4u) ruAporepMaJrbHbrMr,r cr{creMaMri, cyxrecrByrox-u4Mr4
recfiTKH H corHr4 Tbrcflrr rer, HacrorbKo BerHK, r{To He Mo)Ker 6ulr, o6ecne-
qeH BburleJrar{r.rBaHr4eM xJropa v Harpvrfl Lr3 rropoA [370]. C epyrofi cropoutr,
npeo6raAaHr{e xropuAoB B BoAax MHorr4x ruAporepMaJrbHbrx cr4creM, Hapfl-
Iy c rpucyrcrBlreM HCI B 3KcraJrflrJvrflx aKTr4BHbrx ByrKaHoB, npr4Bexo pflA
I4ccrleAoearereil K [peAcraBreHr4ro o roBeHHrbHoM reHe3r{ce xropa He rorb-
Ko B 3HAoreHHbrx Qnroz4ax 3oH coBpeMesuofr TeKToHr4qecxofi aKTr,rBrr3 ar\r4vr
17,, 1941, Ho I,I B BblcoKoMr4HepaJrrr3oBaHHbrx paccorax, Bcrper{arorur4xc{ B
HuxHefi rlupoAr4uanrz.recxofi 3oHe reKToHr4rrecKr,r cra6wm,Hbrx oSracrefi
f  s4tI  "  '  t '
SxsoreHHoe paccoroo6pa3oBaHr4e rxr4poKo pa3Br4ro B BepxHr4x ropn-
3oHTax nraroccpepbr 14 rra4poc$epL,r. OAuaxo ocHoBHbrM r{crorrHr{KoM rry-
6uuuttr paccoroB MolKer 6rrrs MoreKyrr.f,pHo-Ar{SQy:uouutrfi BbrHoc xro-
pula Harpr4n Ir3 AoKeu6pnfrcr<ux vr Hr,rlKHerra:reogoficKprx KoMUreKcoB. On
ocyulecrBr-qerc-q KaK rrpr4 TepMoMeranaop$u3Me nopoA, raK 14 B pe3yrbrare
ilpoueccoB, conpoBolKAarorur4xcfl rrry6oxofi rTepecrpofixofr BeruecrBa 3eN4-
Hoii Kopbl. flocrynneHlle )Ke reryrrero xrropa v xropnAHo-Harpr{eBbrx
QruollgoB? cBq3aHHoe c npoflBJreHr4eM aKTr4BHocrpr r oAKopoBoro cybcrpara,
BnorHe Moxer npor4cxolr{Tb rro 3oHaM pa3JroMon rry6r,rHHoro 3aro)KeHnq.
PaccntarpkrBafl HaKoueHr4e corflHbrx gareNefi KaK pe3yrbrar rro-
crynreHr4fl B SaccefiHbr ceArrMeHTauur4 3HAoreHHbrx (nrarnraroreHHbrx) xlo-
p[4AHO-HaTpneBbrx BbrcoKoMVHeparLr3oBaHHbrx pacTBopoB,, cTlrMyrr4py-
FOUIUX Haqaro Kpr4cTarrrrr43auw fajtrr4Ta kr I\pj/fwx 3Barropr{ToB, coBpeMeHHoe
sK3oreHHoe paccoroo6pasoBaHr.re Mo)KHo paccMarpr4Barb KaK rrpouecc pere-
Hepaulu{ ApeBHr4x paccoroe. W rro3roMy rrpaB A.H. Ko:nH (1985), yrBep-
)I{IaB[II4fr, vto "B Te.IeHrae gcefi feoJrorr4.recKofi ucropl{u 3entru SHAoreH-
Hrrut $ar<rop r{Merr ro6arsHoe 3HaqeHHe SoplrrapoBaHr4r4 xroprrtrHofr ruk
pocSeprr (nepsoSurusrfi z coBpenrenuufr oKeaH, BoAbr ocaAor{Hbrx Mera-
nropcpnvecKrix 14 rr3BepxeHHbrx nopo4), raK KaK 4pyrr,re cpaxropu no cBoeMy
cyuecrBy flBrflIorc.fl BToptr{.{HbrMtrr".
TaKaq ror{Ka 3peHl4fl no3Bor-ser yAoBreTBoprrreJrbHo o6r.f,cHrarE, KaK
oco6eHsocrl{ rl4Aporeoxr4Mr4rrecrcofi 3 HarbHocrr4 B pa3rr4rrHbrx crpyKTypax
/{Henponcxo-loHellKoro aBraKoreHa, raK rr pa3rpy3Ky xropr4AHbrx Botr u
paccoloB, rlpoacxoAflruyro B loJrfox(r,rByrrlr4x or{afax TefrloMaccoflepeHoca,
KOTOpbIe pac[oflafa]orcfl B 3oHax TeKToHHqecKr4 aKTr4Br43r4poBaHHbrX pef 4o-
HarbHbrx pa3roMoB.
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2.1 .3. Ocuos H [,r e qeprF,r rr aJreoruAporeoxnM urrecnofi
SBOrrcqUrr pefrroHa
3eorroula-fl xl4Ml4r{ecKoro cocraBa rroA3eMHbrx Bor {ueuponcr<o-[o-
HeuKoro aBraKoreHa rlpol4cxotrura Ha nporfl)KeHr4r4 Bcefi r.rcropr{rr efo reo-
rorl4r{ecKofo pa3Br4Tr4fl. llporereHrzx reKToHraLrecKrrx 0ag, corrpoBo]K-
raBurl4ecfl ABIt)KeHvrflMr4 6:roKoe seNanofi Kopbr, xoredanvflMLr ypoBHfl Mopfl
11 fIrApoTepMaJIbHbIMrr ilpoqeccalrrll, ilpr4Bolt{rtr K r{HTeHcT4BHOMV nOAOO6-
MeHy He TOIIbKO MeXAy OTAerbHbrMr{ BOAOHOCHbTMH fOpr.r3OHTaMr{ r,r KOMrr-
rIeKcaMI4, Ho I4 MexAy reofnApoAr4HaMr4qecKnMkr eucreMaMr4: zu$zmrpa-
uuossoft, slrr3rrosuofi vr repMorrr,4poAr4Haura.{ecKofi. Bo4oo6ueu, qacro
conpoBo)Klaroruzficl pasrpy:rcofi 3HxoreHHbrx S:rrcuAoe, ocyilIecrBr_flercfl
rraBHbIM o6pa:ou no rpeur4HoBarbrM 3oHaM rrydzHHbrx pa3roMoB, aKTr4-
Bllsal]l4fl Koropblx BbI3bIBaer rry6oKr4e H3MeHeHr,rfl B xr4Mr4r{ecKoM cocraBe
rra4pocQepbl. B css:il c rreM l4cropr4lo $opruup oBa:ulrfl xr,rMr,rr{ecKoro cocra-
Ba noA3eMHbIX BoA cJleAyer paccMarpr4Barb B Hepa3pbreHoi{ B3ar4MocBfl3r4 c
I4cropl{efr reorexroHl4rlecKoro pa3Brrrrr.fl perr4oHa. l|I.weuHo rroSToMy B ocHo-
By rlareorulporeoxlaMl4r{ecKofo aHaru3a reppr4Topvrr4 vrccreAoBaHurt asro-
poM [oro)KeH npuHuI4II BbrrereHr4-s Ba]KHefirunx 3TarroB ee reororfi.{ecxofi
3BOTFOUT{r{.
O reBoHcKoM nepr{oAe SopurapoBaHr4r xr.rMr,rqecKoro cocraBa [o,i-
3eMHbIX eo4 dnerpoBcKo-loHeuxoro BoAoHarropHoro 6accefiHa r43BecrHo
oqeHb MaJIo. Crpyxrypa B 3To BpeMfl rrepe)KLrBarra HalrarbHylo cratrr4ro cBo-
ero QopMI4poBaH v\ cBfl3aHHylo c ilpo.qBreHr4eM KareloHcKofo reKToreHe3a,
collpoBoxAaroilIefocfl rl3[r4flHr4eM MafM, cKopee Bcefo, ocHoBHofo cocraBa
[56] llp" 3ToM BbIAeJIflrI4cb rueror{Hbre rrocrMarMarurrecKr4e pacrBopbr, 3a
cqer Koropblx MorrII4 QopuupoBarbc.fl Tpeulr4HHo-x?rJrbHbre, BbrcoKoMHHe-
parI,I3oBaHHbIe (6onee 30 rlt) xroplrAHo-KarbqrreBo-Harpr4eBbre Bo.[br t4
paccorbr, coAepxarur4e tutnfr, py6uguft, 6epu:r:rufi, xpou, Ba*a1vrfi, crpoH-
Lr4ir, 5apvft, aruourzuufi, )Kere3o, TaHTar, uuo6vit, nrolu64eu, cBr{Heu v
rpyrne pyAHbIe 3reMeHrbr. feoxuunqecKafl porrb ilpecHbrx zHcpnrtrp ar\14-
oHHbIX BOA, IpOHI4KaTOUHX B npr{ilOBepxHOCHyrO qacTb BoAoBMeularcur4x
nopoA' 6ura He3Haql4remsofi H cBoAr{ racb, BepoflTHo, rt{rrrb rc oSpasoea-
HI{ro 6raronpl4flTHblx Sn:raxo-xr4Mr4rrecKr4x ycrosLrfr Arq Bbrilal\eHr4fl Mr{He-
parbHofo BeulecTBa LI3 pacTBopoB npr{ cMerrrr4BaHvrv c Hr4Mr,r BoA 3HtrofeH-
Horo QopunpoBaln:afl 11791. Teppraropr4fl rrprr 3roM r4crrbrrbrBara ycrofivzeoe
BO3ALIMaHI,Ie, KOTOpOe npOtrOIx{aIOCb BTIIOTb 4O :fi$eJrbCKOfO epeueHu. C
paHHerepllrrHcKoit axtvszrsa\uefr pa3JroMoB ycr4rrrrJracb MarMararrecKa-s ,{eq-
5B
TerbHo cTb c o 6p as oe aHlreM tueroqHo - o c HoBHbrx r4lTpy 3krB Hr,rx KoMrrreKc o B
- AuaSazoB rparnoeoit $opuauwu 1361.
B eli$erscrcui't BeK rpor{3olrrra TpaHcrpeccLrfl Mopf,, B pe3yJrbraTe Ko-
ropofi B c@opn'rzpoBaBueMcfl flHenponcxo-{onerlKol4 naneopu sre o6pa-3oBarcq uopct<ofi Sacceitu. Ceoero MaKcl4MarbHoro pa3Bvrrr4r paHcr peccufl
/:{ocrufra B }KI'IBeTCKOe BpeM-s, K KOTOpOMy HaKorrr4rr4cb MotrlHbre rollrutr
ByrKaHoreHHo-ocaAorrHbrx ropoA. 3ro ilepr.rol, no MHeHwo VI.IL Kopocra_
IxoBua u V.A. Mecsqa, "...i lo-BI4AI{MoMy, cJreryer cql,rrarb Harla:rona Sop-MI4poBaHr4n oI3eMHbIX noA coScrBeHHo lneuponcxo-{oueqKoro apre3a-
aHcKoro 6acceitua" 11 431.
Xapxafi apwhur'ti't KJrI4Mar, I4HTeHcr4BHbre r<o:r e d arerb Hbre ABr4A<eHvfl ,pa3ofpeB rolKa nareopuSra z pa3rpy3Ka rlocrMarMarr4rrecKrrx xxopr,rAHo-
HarpI4eBbIX pacrBopoB B cyrllecrBylolqufi e :ro BpeMq Ha repp r4ropr4r4 pe-
rl4oHa MerKoBoAurrfi uopcrofi 6accefin, [pr4Berr4 K ero r4HTeHcHBHoMy 3a-
coJToHeHuro w Ilocryxl4.,Tll' ilo-BI4AI{MoMy, npwrusoft uarorlreHr,1s uorUHorZ
rorIuII4 KaMeHHoi{ cottu. K xonqy tro3AHero AeBoHa coreodpa3oBaHr4e npe-
KparHxocb, tITo 6rtro cBt3aHo c Bo3AbrMaHr,reM Teppr4To pw, 3aKoHrII4BUreM-
cr Ha pySexre AeBoHcKoro r,r KaN{eHHoyrorbHoro nepr4oAoe dperoHcxofr Sa_
:ofr repulrHcKoro oporeHe3a. llocretrH.qq colpoBoxAaJracb r4HTeHcr4eHorz
pasrpy:xofr TepMarbHbIX pacrBopoB, npr4BHocrrruux pyrHbre 3rreMeHrbr 14
KpeMHe3eM, Koropr,IMr{ o6orarqaJrl,Icb BMetuaroqze ocaAoqHbre nopolbr.
Cpe4z pytrHbIX 3JreMeHroB  pacrBopax ilpeo5:ra4anu xeJre3o, MapfaHerJ,
arloMrrH ufi , no tuMeTarJlbr U7 91.
o6pa:oeaBlxl4ec.q rarloreHHbIe oTJroxeHr4-q, KoTopbre BbrrrorHqJTr4 porr)
peruoHarbHoro BoAoynopa v 3arerarrl4 Ha 6olee ApeBHr4x BoAoHocHbrx ilo-
Polar ByrKaHofeHHo-oca4ouHofi Tolluu, odycroenrv $opurapoBaHt{e BIrpeAeJTax AoHerlKoro rpa6ena BonoHarropHofr cr{cTeMbr, 1or{Tr,r noJrHocrbro
H3orll4poeauHofr or Bo3Aeitcrsux arnroc@epHbrx ocaAKoB ll43l. B aro BpeMtrB BoAoHocHbIX roplI3oHTax u KoMrrrreKcax cr{creMbr npeo6ra4arv roBeHr4rL,-
Ho-N{arMaToreHHbIe I'I MeTaMopQoreunue Botrbr, cocTaB r(oropbrx coorBeT-
crBoBarl cocraBy rlocTMarMaTI,IqecKl4x norl4feHHr,rx pacrBopoB.
flo cle 5p eroncxo fi rexroHl,Iqe cx ofi axr vBvlaurrr4 repp nrop r4.s A o He u-Koro nporu6a 14 Bocro'IHofr qacrr4 AAB r4crrbrrbr Barta ycrofruu"oa onycKa-
HIre Bnrlorb ro paHHellepMcKoro BpeMeHr4. C norpyxeHr4eM Hacrynaer cMe-
Ha KoHTI4HeHTarIbHoro pe)KI4Ma MopcKkrM vt oSpasyercr roJrula reppr4reHHo-
xapSoHarHbIX ocaroLIHbIX rlopox MorrrHocrbro 6onee 20 rv. tzareHe3 ocar-I{oB ilpnBeJr K SopnanpoBaHrr}o r pl{3oHToB ce4rrMeHTaur4oHHbrx Bo.4, oTrr4-qaroL(Hxcfl uIero.{Hoil peaKur4eil w cpauHr4rerbHo HeBbrcoxofr (l,o 20_30 r/r)
Ml4Heparvsarluefi. Xvuuqecrcufi cocraB 3T[rx BoA BHaqare 6ru. rro-
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BI,ItrAMOMY:' XTOPI4AHO-HATPHCBE,IM. BNOCTCA CTBTIVI, B NPOUCCCC KATAfCHC3A
ocanoqHblx Tonu, BoAbI o6orauarucb cynssaraMr\ cyuecrBeHHyro porrb B
o6pasoe aHvrvr KoTopbIX I4rparlo, ilo-Br4trr4MoMy, rrocryrrJTeHr4e uy6uuuoro
cepoBoAopoAa rlo 3oHaM pa3roMoe. C HaxorlreHl4eu cynrQaroB npor4cxotrr{r
yMeHbIrreH[Ie uIeroLIHocTt4 BoI. O4HoepeMeHHo B cp{creMe "uopo4a - Boxa"
rpoTel(aror npoqeccbl KarrroHHoro o6ueHa, Belyrt1ze r o6orarueH7lo cetfu-
MeHTauuoHHbrx BoA Karbur4eM Lr MarlnLtena [179].
K xoHqy ro3rHero r<ap6oHa rrporw6auue peruoHa 3aMeArrr4Jrocb. a c
nepMcKofo Irepl4ola Haqarocb efo I4HTeHCITBHOe BO3AbIMaHVre, qro noBrreK-
rlo 3a co5ofi H3MeHeHae KTHMaTHT{ecKHX ycro ekria - KrHMar crar apHAHbrM,
a MopcKofi peNzM cMeHI4 xcfl npu6peNuo-MopcKr4M pr xaryHHbrM. flp, 3roM
B KapraMbllrlcKoe BpeM,q pauHeil nepMl{ Ha ceBepo-3anaAe loHeqroro npo-
rw6a (e Faxnlyrcr<ofi KorrIoBI4He) no 3oHaM aKTr4Bvr3r4poBaHHbrx pa3rroMoB
uHpKyrlupoBarll4 PYAoo6pa3yroul{e rl{AporepMarbHbre pacrBopbr, ocHoBHbr-
MI4 Ml4HeparooSpa3yloulrMu 3JIeMeHTaMV B KoTopbrx, cy1fl ro pyAHofi nz-
HepaJllr3arJr4vr B nopoAax [155], Ssttu MeAb, cB[rHerI, rIr4HK. 3rra pacrBopbr
ilocTynarrr B MerKoBoEHrtfr naopcr<ofi 5accefiu, e KoropoM cyqecrBoBaJra
SraronpuflTHafl l\Irfl ocaltrelr4fl cynr0a4oB MeraJrroB BoccraHoBr.rrerrbHa.f,
oScrauoexa. Braro4apt Harnql4ro cepoBoAopoAHoro, TeMneparypHoro LI
Kl{cJroTHo-IueroqHoro reoxl4Mp{LlecKltx SaprepoB Merarrbt? Haxolflult4ec.q B
pacTBopax B BI4re KoMnreKcoB c raroreHaMr4,, cyrbsar-uoHoM, fr,rApoKcqr-
I4oHoM BbIIIaIaJIH B ocaAoK c o6pa:onaHl4eM cy:n0n4Hbrx Mr4HepaJroe. I4x
oKl'IcreHrre u pa3JloxeHl4e B XallHefiIrreM -sBl4rocb Ba)KHbrM Saxropov odo-
raueHnq rrpr4polHbrx Bo.q cyns$ar_uoHoM l17gl.
B unxzroBcKoe w cr.aBflHcKoe BpeMs npu o6rueM nocrerreHHoM Bo3-
AbIMaHI'II4 Teppl{ropl4l4 lnenponcro-loHerlKofo aBxaKoreHa rrpoucxolr4ro
I4HTeHCI'IBHOe 3aCOJTOHOHUO nepMCKOrO MOpfl LI OTIIO)K9HI49 MOIIIHbIX TOJTTU
rarvra. Bo:rltltt aHr4e conpoBoxAalocb odpasoeaHr4eM Hororrr4creHHbrx
KynoJrbHbIX rlotrHstuit B AAB. B pe:yrlbrare B MexKynoJrbHbrx nporudar
Sopnarapyrorcfl ropI43oHTbr cerr4MeHTauaoHHbrx ropHAHo-Harpr4eBbrx-(rcarruraenrrx) BoA Ir paccorots c Mr4HepaJrr43arluefi 5o 320-340 r/r. llo 3oHaM
pa3JroMon (ocodeHHo B npeAerax aHrlrKJruHaJrbHbrx crpyKryp) ocyqecrB:rs_
racb pa3fpy3Ka KI,ICJTbIX HIr3KOreMrreparypHbrx faAporepM cymsaruo-
xropnlHofo cocTaea, o6orauleHHbrx yrreKracrorofi. Bsaulaotreficre r4e vx c
MLrHCpaxaMI{ [opo4 xap6oHa 14 unNuefi [epMrr Bbr3Baro Kr4crorHoe Bbrrue-
rarIHBaHI4e He rorE,Ko cym$a4oB, Ho 14 KBapU a 1361. floAse1aHbre Botrbr Ha-
cbl[Iarficb KpeMHe3eMoM, Koropbtfi nepeorKna4brBarrcfl B TpequHax u ilyc-
rorax BotroBMeularcuux [opotr, oKBaprloBbrBaf, TeppHfeHHbre rropotrbr na-
reosofrcKoro KoMrrreKca B 3oHax pa3rroMoB.
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Py6eN pauHefi z rlo3xHefi nepulr o3HaMeHoBarc.fl npoflBreHrTeM 3aaxb-
cxofr Sassr repllrrHcKoro oporeHe3a, Koropaq coilpoBo)K4anacb Mar-
uaraqecrcofr tre-qrexbHocrbro [3 6] . 3ro rpr4Beno K r4HreHcHBHoMy rpo6-
reHI4Io ecefr ilareo3oficxoIZ rorIUrI4 nopon u o6yctoBr,rro rro-flBJreHrae e Heil
MHo)KecrBa pa3xurrHblx rlo r:ry6nue, [I[pLIHe 14 ilporfl)KeHHocru xaua,roe
cparlrpaqw4 nocrMarMarl4rlecKlrx pacrBopoe. Taxuna o6pa:ou, 6trlo o6ec-
[eqeHo 3Haql4TerbHoe yxyqlreHue B3AVLMOCBq3r4 Me)KAy BOAOHOCHbTMa fo-
pr,r3 oHTaMId U KOMfrreK caMV.
fv4porepMaJrbHble pacrBopbl errcoKofi ruerorrHoc-r.r1, corpoBoxAaB-
IIIHe MafMart{3M, orrl4qaJrucb Halrvqr4eM, rlpe}KAe BCefO, BT,ICOKHX KOHUeHT-
Pawait reryr{I4x 3neMeHToB naaHrzfruoro [por4cxo)KAeHr4r - pryTw, xropa,
6opa, rLrrkrfl, py6uEux, cepEr, ue3u-fl, Sropa, MblrrrE,flK a u ftofta. a TaKlr{e Ha-
Tpl4fl, KaJJI4fl, )KeJIe3a, IIOII4MOTaJIIIOB, XpOMa, TLITAHa, BaHAII4fl U HeKOTOpbIX
Ipyrl4x 3reMeHToe. floelltrreHHa.fl [Ieror{Hocrb r{ TeMrrepa.rypa,  TaKXe Ha-
cblureHHocrb ra3aMu, cpeAI,I Koropbrx npeo6;railarrr4 oKlrcb t4 AByoKr4cb yrre-poAa, Botropotr' MeTaH, cepoBoAopoA, cepHl4cTttfr ta3, cnoco6creosarn o6-
pa3oBaHwto uauloJree 6raronpvsr:nofr cperbr Arfl Mr4rp a\r4r4 MHorr.rx xr4Mr,r-qecKHX 3TIeMeHTOB  BOAHbIX paCTBOpax KaK B BrrAe npocTbtx p{oHoB, TaK 14 B
BI4Ie KOMITJIOKCHbIX coeAlrHeuufr. B pe:yrbraTe nonaAaHvfl B oKrrcrr4Terb-
Hyro o6craHoBKy BepxHLIX croeB :euuorZ Kopbr (rapar<repr43yrouylocfl no-
HI4xeHHbIMlI TeMneparypofr I{ AaBreHuenr) 14 cMerrre:nvrfl c uu$zrsrpauqoH-
HbIMTI BoraMI4 (no4ooSplJlbHocTb fopI43oHToB KoTopbrx nocToflHHo yBerqqr.r-
Baracb B rpeAerax KyrorIbHbIX crpyKryp) e pyfoHocHbrx pacrBopax rpor4c-
xoAHro pe3Koe Hapy[reHue ycraHoBtrBruerocfl paHee $rasl.rKo-xprMr4qecKor opaBHoBecux. flpu 3ToM MHorHe py.qHble 3reMeHTbr Bbrrrar aJru r43 pacrBopa 14
ocaxnarr4cb Ha cTeHKax rpeullrH B rropoAax, o6pa:>/fl npu pacKpr4crarrtu3a-
urrr4 yqacTKI4 Ml4Heparvl-3aril4rr, KoHTpoJrr4pylouHec.s 3oHaMr4 pa3roMoB
l17el.
Ha rpaHzqe ''epMcKoro 14 TpuacoBoro BpeMeHr4 rrporr3oruJra 3aKrrro-LII{TCJIbHa-4, ncpa:rbucKaq cpasa repur4Hcxofi cxralqarocrz. B pe3yrbrare ee
ilpoflBreHl4.q loHeqxzrZ nporzS v {ueuponcxo-loHeqKar BnaAHHa oKoH-qarerrbHo c@opnrrzpoBaxr4cb KaK aBToHoMHbre cKJraAr{aTbre MerareocrpyK_
rypbl, B MexKyrIoJIbHbIX nporra6ax Koropblx, B 3oHe pasBr4Tux vur$vtbrpa-
uI4oHHbIX, H oco6euuo, 3rI43noHHbIX feofrltrpoAl4HaMl4r{ecKzx cprcreM,, o6pa-
3ylorct 6acceitubl ceAI4MeHTauI4oHHbrx xropr4rHo-cynrcparHo-KaJrbrrr4eBbrx-
Harpl{eBblx BoA [319]' Bo MHoroM yHacreAoBaBrrrp{x ceoil cocraB or naJ,reo-
soilcKur uopefr. B ro )Ke BpeMr, Ha fipailorH_flTbrx yqacTKax aH-
TI4KrI4HaJrbHbIX CTpyKTyp [oryqarcT pa3Br4Tr4e Tperur4HHbre 14 Tperqr,lHHo-
)KI4JIbHbIe BOAbI, COCTaB KOTOpbIX TIOCTO-flHHO I43MeHteTCfl 3a CqeT fJrydns-
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HbIX paCTBOpOB' TIpIIBHOC-SI{VX IIO 3OHaM pa3nOMOB KaK BerUecTBO 3eMHOfi
Kopbr, TaK r4 rrpotryKTbr MaHTr4fiHrrx npoqeccoB.
cy a, no napareHe3l4c aM MI4HepaJroB, rHAp orep MaJrbHa.q 
.{errenb Hocrb,
coil p oB o)I{AaB Irrat rro3AHerepUnH ct<wk TeKTo reHe:, 6ura HeoAHop oluorZ xar
tro TepMo6apnvecKl4M [apaMerpaM pacrBopoB, TaK v rro r4x xr.rMr.rqecKoMy
cocraBy [36]. orrreqeso LreTKo Br,rpa)KeHHoe nareHr4e TeMneparyp v AaBre-
Hr4fl p acrB op oB'' p a3rpy)Karoilrl4xc-s B 3 oHe I]eurpartno -fioueuKoro p a3roM a,
no HalpaBJreHlto c BocroKa Ha 3a[aA. 3ro onpeAerr{ro r,r reoxuMr4qecKyro
3oHarlbHocrl' rnAPorepMarbHoro Ml4HeparooSpasoBaHr4fl. B npelerar Ha-
roJrbHoro Kpflxa ro 3oHe I]eHrpa:rtuo-{oueuKoro pa3noMa pa3fpyl ailucb
BblcoKoTeMileparypHble, o6ra.{aroull4e dorururzua HarropaMr,r, pacrBopbr,
r{To, ilo-BI{II4MoMy, 6rtlo cBt3aHo c 6rzsocrbro K rroBepxHocTr4 MarMarr,rqe-
cKoro pacrBopreHepupyrculero rlrlyroHa. B pesyJrbrare npor43orxra nro6u-
ilr43ALlLrfl He TOJTbKO IIOABITIKHbIX - pryrl4, MbIIrIbflKa, [orII4MeTarroB, farro-
reHoB' Ho rI 3orlora. B npe4enax xe HvKzroecKoro pytrHofo rrom, Haxoi1s-
uefoc.fl BocToLIHee Haro.nbHoro Kp.qlKa pr KoHTporr4pyroruerocq reM )Ke I]eH-
rparlbHo-loueqxl4M pa3JroMoM, pa3rpy)Karouuec.q pacrBopbr r4MeJrr4 doree
HI{3KyIo reMileparypy Lr AaBrreHrle. floerouy 3Aecb rrorrrpr nonHocTbro or-
cyrcTByeT 3OIOTO, fIOArIl{HeHHyro porrb rrMeror rrorr.{MerarJrbr, a BeAyqyrc -
HH3KoreMrreparypHbre - pryrb, cypbMa, MbrrubqK r4 faJrofentr [132].
B rou x{e HanpaBrIeHI4I4 npor4cxoAr4Jro },rr,{3MeHeHr,re ra3oBoro cocraBa
rl4rporepM. Ha nocror<e, e pafroue Haroruuo-TapacoBcKofr asrux rrkrlarrr4.
ouu 6rt:rl4 yrreKl4cro-BoAHblMu [116]. llpu ABr{x(eHr4kr Ha3arraAe HacbrrrreH-
Hocrb pacrBopoB yrreKuclorofr ilocro.f,HHo yMeHbrrraJTacb rtpr4 oIHoBpe-
MCHHOM >/BEII'IqEHUTI COACP}KAH}I,fl MCTAHA VI APY|I4X Y|ICBOAOPOAOB. B
duenponcxo-loneqxofi BrraAr4He rprAporepMbr 6atrtu, B ocHoBHoM, MeraHo_
Bo-BotrHbIMr{. Taxas )Ke 3oHaJrbHocrb Hadnroraercfl r{ B Hacroflruee BpeMfl,tITo, rlo ecefr BeposrHocrpl, olr'xcugerc.fi pa3rlr4quflvrr4 B Trrnax seNanofr xo-
pbr, B npeAerax loHeqKoro nporn6a u AilR.
llpz iloAbeMe rlareo3oficxax rr{ApoTepM pa3Jrr,rr{Horo cocTaBa K no-
BepxHocrr4 14 vrx B3awltaolefrcrBprv c BaAo3HbIMIr BoI aMV jtusnounofi 14 uH-
$unrrpaqzonuofi clrcTeM, [pol4cxoAr4Jro He ToJrbKo HacbrrrleHue noA3eMHbrx
BOA ilareo3ofl xpIMI4qecKI4Mr{ 3JIeMeHTAML4, HO 14 paCTBOpeHr,re B HI{X 3Haqr4-
rerrsorZ qacrw ra3oB. B 
.qamsefrureu 3To craro, c oAHofi cropoHbr, draro_
ilpzflTHbru $axropoM ue$rerasoo6pa: oBaHprfl, a c Apyrofi - cnocodcreoBaro
noBbIIUeHI'IIo MI4fpaIIuoHHbIX ceoficre MHoflIX xuMprqecKax 3JreMeHToB, 14, B
frepByro olrepelb' MeTaJrIroB.
B rpvace iloLITH Ha ecefr reppr4Topr4pr aBrraKoreHa ycraHoBr{rcr ry-
MztrHltfr KrIl'IMar, o r{eM cBl4AererbcTByer pa3Br4Tr4e 3oH frrracroBoro orrlee-
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Hur B KpacHoUBerHbIX orroxeHkrnx 1277]. E:raro ilapfl narwqwro B nopolax
ryMyca' B BepXHI'IX ropl43oHTax repMH 14 HrI)KHefo-cpeAHero Tpgaca Qopura-poBarlucb Kr{crlble rl4ApoKap6oHarHble BoAbI c pH 5-6. HvsKoe 3HaqeHae pH
iloAAepx{HBaJIOCb B Bonax B pe3yrbrare BbrcoKofo [apuvaxbHofo taBxeHufl
cor, oco6eHHo xapaKrepHoro Arfl Tep prrropur4 loHeuxoro npor w1a. He-
cMoTpq Ha orHocHTerbHyro Tel{ToHnqecKyro cra6nrrbHocrb, B Tpaace 1po-
ucxorzrtl enefiporeHl4qecKl{e 6roxoebre ABr4x( eHr4r, oco6euuo uirru"3r4po-
BaBlrrHecfl R KoHue [epl4oAa. B npanoAH-srblx 6roxax, Koropbre cty]Kurrvl
o6racrqMl4 rTI{TaHLrfl, SopnlapoBaJrrrcb rpellr4HHbre Borbr rr4trporap6oHarHo-
ro cocrana [98], a B orIyrqeHHbIX - 6rarol apfl B3aauo4eficrBr{ro c BMerua}o-
ur4ldu ropotraMr4 Ha nyrl{ ABL{x{eHpr-q x o6racrrM pa3rpy3Kr4 - rw4por<ap6o-
HarHo-cymSarulle, cyJlbSarHtte, cynrsarHo-xropu.rtHbre r{ Aa)r{e xnopr4r-
Ho-Harpr.reBbre Boxbr [316]. fu4porepMaJrbHafl treflrerbHocrb r4Mera cra6o
BbrpaxeHsrrfr xapaKrep.
Ha py6exe TpI4a ca v lopbl Te*ToHlzrrecKar aKTHBr43 arryrfl 3aBeprrrr4Jracb
ApeBHeKI'IMMepI4frcxofi @asofr cKraAr{arocTr4, Koropa.fl npoflBr4racb B nor-
HOBJTeHI4I4 fepuI{HCKIrX CTpyKTyp n 3aJrolKeHr{r4 MHOftrx KyrrorbHbrx iloAH.q-
ruri pernoua 166, 140, 161). B ycnoBr4rx MopcKoro 6accefiHa rpogcxorh,,r
noAsoAHstfr ByrKaHI43M, coilpoBoN1anmnficx pasrpysrcofi xere3ocorep-
xailll4x pacrBopoB, Koropble oSpasonala ilpocJrorr 6yprrx )KeJre3HrKoB 
ropcKl4x orroxeHl/^flx. B Sarcxoe BpeM-s Ha BocroKe (e4onr 3orrbr IJeur-
parbHo-{oueqxoro pa3rroMa) w Ha rore (e4onr MyruxeroBcKo-
llepcrzaHoBcKoro pa3roMa) loneqKoro nporz6a npor.r3orrrro BHetrpeHr{e
railxoertx vurpyzuit. fla4porepMarrbHbre rrocrMarMarr{qecKrre pacrBopbr
coreplKarH 3OJIOTO, Cepe6po, Merb, rronr.rMeTarJrbr, p yrb, cypbMy a 6ort_
trrne Maccbl cpropa, a TaK)Ke xeJTe3o, xpoM, Tr4TaH, sa:Ha1uir. Hr4KeJrb Lr Apy-
rHe 3rIeMeHTbI. 3ro, no-BtrAI4MoMy, nocJlyxr4no npr4r{ uuofr Sopruup oBaH:'/lfl
o cHoB Ho ro rI4Ip orepManbHof o opyAeHe uus HarorrbHoro Kpfl xa r.r llorcp o n o-
KrapeencKoro $nroopuroBoro MecropoxAeHr4-s I I 05, 2211.
Ha rpaul4ue ropbl 14 MeJIa [por43orrrrra HoBoK].rMMep nfrcxas reKToHr{-qecKafl $a:a,, Koropa.q upotBl4JTacb B rrotrHoBreHurr Crae.qFrcrcofi, KpacHooc-
KorbcKofi, Llle6erzHcxofi, Meue6'roBcKofi, Eelxeecxofi v npyrui{ KyrroJ,r.,-
HbIX crpyKryp. K 3roMy BpeMeHI4 Mope perpeccr4pyer u reppr4ropvrfl perpro-
Ha craHoBurc.q cyurerZ. B pesyrbrare 3aMerrreHr4fl celuMeHTaur4oHHbrx Bor
uncprzrurpaAuoHHblMl4 npol4cxoAlrr orrpecHeHr4e BepxHZX ropr{3oHToB rr H3-
NteHeHIre I4x xJTop[IAHofo cocTaBa Ha rl{Apoxap6ouarHtrfi r.r cyrt$arHrrfi. B
TO )KC BPCM-fl NO 3OHAM AKTHBU3LIPOBAHHbIX PA3TIOMOE HA6IITOAACTCfl IIOATOK
r'ry5 u uublx B oA rnrp oKap Souaruo - Harpr4eB oro r4 xropr4AHo - Harpr4 eB oro co -
CTaBa:, HaCbIIIIOHHbIX 3HAO|OHHbIMI4 MI4KpO3XQM9HTaMII 14 fa3Anty. 3rO C03-
63
Aaer npeArocbrrrKr.{ Errfl QopnanpoBaHr4fl Beprr4KamHofi




VcraHoeuertruiacs KoHTlrHeuramHsril pe)KuM cMeHr4rcfl B ceHoMaHe
MopcKI4M B pe3yJTbraTe IuorUHofi TpaHcrpeccr4v Mop-fl, oxBaTr4Bruefi, no-
BI't AI4NIOMy, Becb loHo-{Heupoecxufr nporn 6. B pe3yJrb'rare npor4 cxoAr,rr
BbITecHeHVe vr3 rlopoA no4 rzHQl4rlbrpauuoHHoro reHe3nca r,r 3aMeHa nr 6o-
ree rfl)KerbrMl4 MopcKI4Mu. lIpoHuKHoBeHHe rlocreAHr4x e rny6oK7e BoAo-
HOCHbIe fopI43oHTbI npI4Beno K HacbIuIeHHrO BOI Cr4HKJrr{HaJrbHErx SaccefiHos
xropoM, HarpI4eM, cyffiSaraMl4 14 K yBerl{r{eHrto r4x MtaHepaxrrcauLaz. Mop-
cxoil pe)Kr4M CyrUeCTBOBarr B JToTb no KoHUa [O3rHefo Mera, KofAa ofrvcKa-
Hr4 e c N{ eHrrlo c b B o cxoA_stuH Mr4 AB rr}K e Hr4 fMkr.
Ha pyde)Ke Mera 14 nareoreHa Bocxorrxrae rB,rxeHr4r 3aBepu vrucb
Ntorusofi tapawvfitcr<ofi $a:ofr am.,nufrcKoro TeKroreHe3a, B KoTopyro npo-
I4CXOAI4XO HE TOJIbKO YHACICTOBAHHOE PA3BITTI4E CKIAAI{ATbIX fCOIOfZqC-
cKlrx crpyl(Typ, Ho 14 pe3Ko aKTprBr43LrpoBar.vcs r:ry6zHHbre pa3roMbr, aM-
nrlrryAbr cMelrlesnfi no KoropbrM Aocrr4ra ru 200_300 v z doree 1661. IiIa_panazfrct<I4e TeKToHlrqecKI4e ABZlxeHITI corrpoBoxAa rruc,b ;r4AporepMarrbHbr-
MI4 trpouec9al{vr, c KoropbIMI4 cB-q3ano 5pa3oBaHr4e pryrHoro opyAeHeHr4t
I]eHrpanbHoro {on6acca 12951. llovzuo pryrra , :rrr4 pacrBoprr 6sr:rz sa-
cblueHbl xrropoM, 6oponr, .r.zrrr4eM, py1ugueM, ue3uenr, @roponr, fio4oM, rro-JrI'IMerarrraMZ 11791. B pe:yrbrare B npeAerax oqaroB pa3rpy3Kr4 MZHepa-
rooSpasyrcuax fplAPorepM Bo3HLrKrrr 4rpofeoxprMr{qecKr4e aHoMaJTr{pr, Ko-
ropble oKa3blBaror 6o:1blxoe Brr4flHr4e ua Sopur4poBaHr4e xr4MnqecKoro co-
cTaBa rroA3eMHbrx BoA pefrroHa.
KosrzHeHTarlbHrtfi pexnM, cyulecrByrouufr s rraneoreHe, cMeHrerc{ B
3oIIeHe MopcKI4M. Tenroe MeJrKoe Mope noKpbrBarro npora6 BrrrorE, Ao
ilo3,AHero oJrl4roueHa. B SepexcKoe BpeMfl Harrarocb Bo3AbrMaHUe r ppprro-
PW, Mope perpec0l4poBaJ]o 14 Ha cMeHy MopcKoMy Hacl'yrII4JI KoHTr,rHeH-
rarturrfr pe)Kr4M, CoxpaH.flroruvficq Ao Hacronilrefo BpeMeH?r
Ha rpauHue llareoreHa 14 HeoreHa npor4cxoArzT caBcKar $asa am,nvi,t-
cKoro TeKToreHe3a, c xoropoil cBfl3aHa BocxotrfluJafl pa3rpy3Ka Hr.r3Ko_ 14
cpeAHereMrleparypHblx pacrBopoB, ilpo.qBr4BLilaflCfl B TeXerepMarrbHoM r43-
MeHeHI4I'I nopoA B 3oHax rly6zunblx pa3rloMoB v o6paso BaHuu (no 4anurrnr
A.B. Cyxpxo) KBapI{eBbIX 14 KaJTbuprroBrrx )Kr4rr B orrro}KeHz.qx nareore Ha Lr
HeofeHa (soua MyruxeroBcKofo pa3rroMa s6nuzu c. Eraroraruoe). c erur,ru
IBA)KeHUflMr4 CBt3aH, IIO-BLTAI,IMOMy, 14 [plrBHOc B r]oA3eMHbre BoIbt uatt6o-
ree rleryqzx 3reMeHToB I43 rloAKopoBbrx o6,racrefi - pryril, Sropa, xJTopa,MbrrrrbqK a, itoga, 6poua.
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B reqeHHe HeoreHoBoro 14 r{erBeprr4qHoro rrepnoAoB arbna itcxufr TeK-
ToreHe3 MHoroKparHo rlpo.f,Bnfltcs (u rtpo-{Bn-f,erctr B Hacro{rqee epeur) e
BI4Ae ABI{)KeHr{.fl oTAerIbHbIX 6roKoe gel,lHofi Kopbr no pa3roMaM. C conpe-
MeHHbIMI'I Te KTOHHqeCKI4MI4 trBr4)KeHlr f Mvr cBfl3aHa pa3fpy3Ka rly6uuutx
BoA, OTIIIqaIolIIuXct aHOMaIbHbIM XIIMI'{qOCKIIM 14 ra3OBbIM cocTaeoNa. ilO-
creAHI4e r{rpaloT HeMarloBaxHyro poJIb n QopltupoBaH}rr4 xprMuqecKoro co-
CTABA NO4 ZUQT4IbTPAULIOHHbIX V sIILI3LTOHHbIX CI4CTCM I17gI.
3a npen'r-q KoHTI4HeHTaxbHoro pa3Bzrrr4fl) rrpoAorx(aB[reec-f, o6orro 26
MIH' iTeT, B TeqeHI4e HeOfeHOBOfO 14 rIeTBepTI4r{HOfO [epHOAOB, fIpOpI3OlIIO
3aMelrleHwe ceAr4MeHTaUI4oHHbIX BoA KailHosoficxr4x, Me3ogofrcrcux 14 qacrr4
rrarreo3oficxzx orrrox(eHufr nn$uJrbrpar{r4oHHbrMr4 BoAaMu 12431. B rny6o_
KI4X |OpI'I3OHTaX Irareo3o'' kr B 3oHax pa3roMoB npoucxoltrr npoueccrr o6-
MeHa Me)KIy ceAI4MeHTaUI{oHHbIMI{ I,I MeraMopQoreHHbrMtr BoIaMr4, a raK}Ke
ruySzuHblMlr Sruora4air,rz. Pasrpy3Ka raKr4x BoA B BepxHr{e Bo4oHocHbre ro-
pl43oHTbI z KoMrIJTeKcbI LIMeeT 6o:rruroe 3Har{eHue AJrfl cpoprurapoBaHr4q co-
BpeMeHHofr rra4poreoxrlMuqecr<ofr 3oHarbHocrr{ U791. llocryuafl rro pa3Jro-
MaM' BoAbI rry6oxoro cpopuvpoBaHrr.f, nporBr-qroTcq e6tuzu noBepxHocrr4 B
BI4AO rI4AporeoxI4MrIr{ecKAX aHoMaJrr4fi 
, xapaxrepr,r3yrorrlgxc_f, HeTprrTZqHbrM
ETT CPOHOBbIX BOT I4OHHO-COICBbIM COCTABOM, HATI4III4CM SHIO|CHHbIX MI4K-
poSreMeHToB I4 fa3oB, eltcoxoi{ (pe>xe - or{eHb Hrasxofi) Mr4Hepa,rwzagtteil,
tUeIoqHocTblo' HI43KMMkI 3HaqeHLrflMI4 Eh,, a I4HofAa - [oBbIIIIegHofi TeMIIe-
parypofi. Bce 3TI'I ilpl43HaKu ro3BoJrflror orrrr4qarb ror3eMHbre BoAbr fny-
SvuHoir qupKyx.qur4r4 or uusu:nrparlr4oHHbrx BoA, Sopurzpyrcurr4xcfl BBepxHux ropH3oHrar. CoepeMeHHafl pa3rpy3Ka BoA r:ry6oxoro Sopnlr4poBa-Hlrfl', co,{epxatUHx pacrBopeHHble 3H.{oreHHrte Snrorl1bq yKa3brBaer Ha uH-
reHCHBHbre ilpoueccbr rerroMaccoilepeHoca B noA3entsorl rrupoc$epe pe_
flroHa.
Asarz: IIaJIeorI{AporeoxnMu.{ecxofi 38orrour4r4 luenponcKo-
foHeqxoro aBJraKoreHa cBr4AererbcrByer o .roM, r{To rr3MeHeH Mfl xr4Mulie_
cl{ofo cocTaBa [OA3eMHbIX BOtr Hepa3pbrBHo cBfl3aHbr c feoreKToHnqecKr4Nr
p a3BprrLteM p ef r,ro Ha Lr orpaxaror ef o f eorr of r4q ec Kyro r4crop l4ro .
2.1.4. feoxumuqecKrre
HexoTopsre oco6eHHocru r{x
THrrbr [roA3eMHr,rx BoA U .
pacrpocTpaHeHrrq B pefuoHe
b ilpoqecce 4larerr,uofi feonofzqecrcofi 3BOrlOUUr4
foueuxoro aBnaKoreHa B ero ruAporeororr4r{ecKoM pa3pe3e
{uenpoecKo-
crf opnnnpoBa-
]flI4gb [OA3eMHbIe BOAbI pa3JTI4t{HOrO XHMIIq0CKOTO COCTaBa - OT fr4ApOr<ap6O-
HarHo-KarIbuI4eBbIX Ao xiropl4lHo-Harpr4eBbrx, Berr4r{}rHa pH Koropbrx Ko-
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re6xeTc.fl oT 4,5 Ao 9,2, a Mr4HepaxkrcarrLrfl r43MeHf,erc.fl or 0,1 Ao 320,0 rlt(purc. 2.I).Cpe4ra Hr4x, rro Knaccvbwxauwr C.A. Ilyr<apeea (yurarsrearcuefi
aHIroHbI 'I KaTZOHbI, flpl4cyrcrByroque B Botre B KOrr4rIeCTBe He MeHe 25
exslo6 kr 3arrvrcblBaFouluecfl B Sopnay:re M.f. Kyprona B nop.flAre y6sra a'u,fl
I4x trpoUeHTHoro coAep)Kawux) BblIex-flrorcf, cxeAyrou1ae ocHoBHbre reoxpr-
Mur{ecKr4e rrrrrbr Bor [179, 292]:
1. fa4porap6ouarsstfr (rcansqueerrfi, N,rarnaeerrfi u Kanbur,reBo-
MarHzeBrrfi-narpzensrfi) c M 1,0-3,0 rlt u pH 6,g_7 ,2.
2. fla4poxap6onaruo-cym@atHurZ, cy:nSarHo-rr4trpoxap6ouargrrfr
(pas:ravuoro KarrroHHoro cocrana) c M 1,0-3,5 rlt u pH 6,7 -7 ,4.
3. Cyxbcparulrfi (xarmqvlenrrfi, Harpr4eBufi, uarnuenrrfi) c M 3 ,0-7.0 n
pH 5 ,4-7 ,6.
Karbrlueesrft, MarHlreBrrfi) c M 3,0-8,0 rlt r4 pH 6,5_7,9.
5. f ra4porapSoHarHo-Harpr4enrrfi,
Harpr4eBsrf i  c M 0'7-2,0 r l tnpH 7,8-9,0.
6. Xropr{AHo-Harpueerrfi (xamquenufi)
gs
B unSunbrpaul4oHHblx rr'rrpoAr{HaMar{ecKrrx cucreMax npeo6naAaror
BoAbI [epBbIX Tpex rI4IIoB. IlelovHble BoAbr fr4lpoKap6oHarHo-Harpr4eBoro
14 xrlopl4AHo-Harpl4eBoro (r<artqnenoro) cocTaBa xapaKTepHbr 1rrfl 3rrr43r{oH-
HbIX 14 TepMoruApoAI4HaMI4r{ecKr4x cr4cTeM. Pasrpysr<a krx B BepxHne BoAo-
HOCHbre fopr43oHTbr saSrrcAaerc.q B 3oHax pa3.,'roMoB u szxczp;rerc, rro
fI4APOTeOXI'IMUqeCK14M, fHApofeorepMr4r{ecKrrM Lr fr4ApoArrHaMr.{qecKr4M
aHoMaJrI4flM, yKa3bIBarouI,IM ua rry6oKoe @opuapoBaHr4e 3Tr4x BoA (pzc.
2.2).
BepxHrx qacrb reorl4ApoAr4HaMr4qecKoro pa3pe3a (eo r,r. 300- 400 na),
coorBercrByroqa.q 3oHe cno6o4Hofo BoAoo6nreua (m.n cor.f,xoe, 1g61) e
reoxl4Ml4r{ecKoM orHorxeHlrl4 coBIIa[aer c souofi fr4rrepfeHe3a. trt Hee ra-
paKTepHa MaKCI4MaJrbHa.fl p cKpbrrocrb,, MHofoKp arHafl ilpoMbrrocrb ftrApo-
reoJrorl4qecKl4x crpyKryp u qacroe HapyureHr4e @rasaxo-xuMr4r{ecKoro paB-
HoBecl{.f, B cI4cTeMe "nopoAa-BoAa" rto4 goglelzcrB]reM, rraBHbrM o6pa:ou,
3K3oreHHrrx cpaxropoB, porb Koropltx c yBerr4r{eHr4eM ruy6uutr 3arreraHn.q
BOtrOHO CHbrX KOMrrrreKcoB yMeHbrrraeTcr.
flo4senrHble BoAbI 3JrpI3I4oHHbrx c {creM, Sopnrzpyrcurzec fl Ha rny6u-
Hax cBbtrue 800 - 1000 M, Haxo trrcfl B ycxoB vrflx) rror{Tr4 norHocrb1o r4c-
KJrIOqalOtUI4X BIII4flHI4e BHCIIIHI4x SaxrOpOB. Onra XapaKTepr43yroTc.fl rroBbr-
4. CymSarHo-xropa4urrfi, xropr4trHo-cyruSarHrrfr (narpzeesrfr,
f I4XP O xap o OHarHo -xropr4AHo -
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rueHHoil Ml'IHepaJlkrcar].veir (10 - 300 r/:r), 3Haqr4Te,rrnofi o6orarueHHocrbFo
I4OHaMr4 XJrOpa, }j.aTprrfl, Karbqr4fl, cynt$ar-?roHoM, BbTCOKOfi rue:ro.{Hocrbro
(pH B-9). Hepe4xo B Hrrx ilpl4cyrcrBylor ceo6o4ubre 14 pacrBopeHHbre ra3br -
MeraH, cepoBoAopoA, AByoKrrcb yrJrepoAa, BoAopoA, retuit Lr 1pyrkre, Koro_
pble ilo pa3roMaM Ml4rpl4poBarr4 BMecre c rtySwHHF,rMr4 BoAaMr4 r43 ropu-
3 o HroB TepM orr4Ap oAHHaMr4Lre cKofi czcrena st lI 7 91.
Onpe4e,reHHa-fl 3aKoHoMepHocrb na5:toAaerc-s kr B crpaTr4rpa6er-qecKoM pacrpexelreHrkr feoxr4Mr4r{ecKrx rr4rroB noA3eMHbrx Bo.q Qa6t.2.5).B qereeprl4tlHblx 14 HeoreH-[aJleoreHoBErx KoMfrreKcax npeo6:raAaroT rr4r-
p o xap 6oHarHo-KaJlbul4eBrte ( uaruuen rre) H rrrAp oxap 6 o narHo - cy6 cp arnsre
BoAbI pa3rnr{Horo KarI,IoHHoro cocTaBa c MaHeparv3ar\uefi Ao 1'0 - 2,0 rlt u
pH 6,8-7,2. RStwLI pa3pbIBHbIX TeKToHr4qecKr4x HapyrxeHttit, no KoropbrM[poucxoAl4T pa3rpy3Ka BoA Me3osoftcxnx I4 narleo3ofrcxux orrro)KeHvti,t, nog-
3eMHbIe Borbl xatZnosoficxnx KoMrIJIeKcoB HeperKo orrr4qarorcq aHoMarb-
HbIM, LIauIe Bcero cyffi$arHo-xroprrAHblM cocraBoM. Mnxpo3JreMeHTbr, co-
trepx(auuecf B 3T?IX BOAaX I4MelOT B OCHOBHOM fr4nepfeHHoe (e rou qucre
TexHoreHnoe) z 6uoreuHoe [poucxo]KAeHr{e.
florseNaHble BoAbI Me3o3oficxt'tx BoAoHocHbrx KoMnreKcoB B 3oHe cBO-
SorHoro eoAoodNaeua B ocHoBHoM rr4rpoKap6ouaruo-cy:ncparHbre urfir
cy:rl Q arHo -rlrrp oxap S ouarHble (xansqueBbre, MarHr{eB bre, H arpaee r,re ).
MaHepailL3ar\ufl r,rx Ko:re6rercq or 0,,5- 1,5 rlt Ao 3,0-5,0 rl1. Ha rJrv_
6uHax 600 - 800 ru B [or3eMHbtx BoAax Me3o3o-f, 3aMerHo Bo3pacraror KoH-
ueHrpaIIpII4 I4oHoB xropa 14 Harpufl rt oHr4 npnodperaror cyrtsarno-
xropvt4ttstfr (narpueerrfi, Kanbur4enrrfi, MarHr4eBrrfi), *ropr,r"o-
rrlrPoxap6ouaruo-Harpl4eertfi u AalKe xrop?rrHo-Harpaeebrfi cocraB (gy-
6oxne ropI43oHTbI TpHacan, orr{acrpr, oprr). Muuepai^rurt r3Tr{x Bo.q Bo3-
pacraer Ao 10,0 - 35,0 rlry a pH - lo g,3 (ra6n. 2.5). Mraxpo:rreMeHrbr 14 ra_
3bI B BoAax naesosoficKl4x KoMIIrIeKcoB zMeror KaK SK3ofeHHoe, TaK pI 3Hro-
reHHoe (n soHax pa3roMoe) upoucxoxleHr4e.
feornvnqecKlae oco6eHnocrlr rroA3eMHbIX BoA nareo3o-fl BecbMa He-
oAHopoAHbI. Tax, B BoAoHocHoM KoMrlreKce 3oHbr BbrrueraqvrBaH1fl raro-
feHHbIX orrlo)KeHufr uu>xuefr nepttra EaxuyrcxorZ KorroBr4Hbr Ha yr{acTKax,
rle nracrbl corz yxe BbIUIeror{eHbI, QopntupyloTcfl cyru$arHo-KarbUgeBbre
n cylr0arHo-xJropl4AHo-HarpaeBo-KarbulreBbre BoAbr c Mr4Hep arr43arlvrefr lo
7-8 rlt r4 pH 7,4-7,8. B :one coBpeMeHHoro aKTr4BHoro Bbrure rraqkrBaHufl ra-
rura Borbr rr paccoxbr c Mr4Hepaxh3auuert eo 120 _ 140 rlt rTMeror .rcKJto_qrrerbHo xropl4AHo-Harpweettia (r<artqueerrfr) cocraB. Huxe 3oHbr Bbrrue-
raquBa}lilfl faJIofeHHbIe OTrIOlKeHr4.q uuxHeft ilepMtr rrpeAcraBJT.qror co5ofi
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f eorurrrzqe cKaq xapaKTepr4 crr4Ka oc HoBHbrx B oAo Ho cHbrx
KOMrreKcoB AHeilpoBcKo-Aoneqxofo BoAoHanopHoro 6accefina
HOCHbIC KOMIIICKCbI.
Xzvnqe cKr4fr cocraB rlor3eMHbrx Botr Teppr4reHHofi [epMr4 14 Kap6oHa
onpelerflercfl ycxoBI4tMI4 3arreraHlrfl BoAoHocHbrx roplr3oHToB. llo Mepe
ynrorHeHl4fl TpeUII4HOBarbrX H3BeCTHqKOB, necqaHr4KoB u ap|]l4rjll,lToB cBep-
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xy BHI43 HaoirloAaeTcg llocTefreHHafl cMeHa feoxl4Mr4r{ecKr4x TI4IOB BOX - OT
cra6oMrrHepanr{3oBaHHbrx (0,5-1,0 r/r), uefirparbHbrx (pH - 6,8-7,2), rurl-
poxap6oHarHo-KaJrbul4eBblx H craSoxucrrbrx (pH 5,4-6,5) cyntsarHrx eo4
ro BbrcoKoMr4HepaJrr43oBaHHbrx (lo 320,,0 r/:r), rueror{Hrrx (pH 7,9-9,2) xro-
pI4AHo-HaTpI4eBbIX (rcansqueerrx) paccoJroB. lloclerHue xapaKrepHbr Arfl
3ru3IroHHbIX feorl4trpoAzHaMr4qecKrrx cprcTeM, 3arrefaroulux Ha rry6zuax
cBbIIxe 2,0 - 4,0 rstc. M a 3oH raApoAr{HaMur{ecKr4 aKTr4BHbrx r\rduHugx
pa3noMoB.
BoArr xap6oHarHofr rorIIrH Hr4r{Hero xap6oua (C ,') orrurrarorcfl ra-
KIIM xe pa3HooSpasraeM xl4Ml4qecKoro cocraBa, KaK 14 Bo/lbr reppureHHbrx
orrox(eHrzfr. OeuaKo MlrHepaJla3ar\nfl Lrx peAKo rpeBbnuaer 5 - l0 rh, uro
o 6b.fl cHqercq xop otuefi np ouuro crbro f r4Ap of eororr,rqe cKr{x crpyKTyp.
B o4ouo c HbIe ropl{3 oHTbI cp eAHero -B epxHero reB o ua, o6uaxarc ruero cfl
Ha rofe pefr4oHa, a raKlr{e B .qApax coJrflHoKyilorbHbrx crpyKryp AAB u 3a-
na4uo-{oHeuKoro rpa6eua colep)Kar, B ocHoBHou, cy:rtcparHo-xJropr4gHbre
(pasruuHoro KaruoHHoro cocraea) kr xropr4AHo-Harpr4eBbre BoAbr (radr.
2.s).
tr4croquuKaMu Mt{Kpo3rIeMeHToB H ra3oB B Botrax rraJreo3oficxnx KoM-
nreKcoB flBr-qFOTC-s, C OAHOil CrOpOHr,r, BoAoBMeruarcuae nopotrbr , z Q Apy-
rofr - orrarn reHepaufiv KaK KopoBbrx, raK vr MaHTr4fiurrx Sruou4oe. llpuueu
Iorq |rocre.4Hlrx 3aMerHo yBerkr.uwBaercfl c r:ry6raHofr. Pasrpy3Ka KoHBeK-
TI'IBHoro Sruou4Hofo noroxa o6trqHo ilpoucxoAr4T rro 3oHaM pa3rroMoe. flo-
3ToMy I4MeHHo TaM, r{arUe Bcefo, $opuzpyloTcfl frrlporeoxzMr4r{ecKr4e aHo-
MaJtvu c HecBofrcrseHnblM xrq perr4oHarbHoro reoxr,rMr4qecKoro SoHa na-
6opov 3reMeHToB 14 coeAr4Heuuit.
Ha rIrApoAI4HaMI4qecKpI aKTr4BHbrx yqacrKax 3oH pa3JroMoB MexAy
pa3II4r{HbIMH BOAOHOCHbIMII fOpI43OHTaMI4 I{ KOMTTJIeKCaMT{ ycTaHaB III4BaeTCfl
rl4,qpaBrll'IqecKafl B3aHMocBfl3b. Hepe4xo oHa rrpoflBrfleTcq B BocxoA.fluleil
pa3rpy3Ke BblcoKoMr4Heparu3oBaHHbrx, ruerorrHbrx BoI rlySoxrax ropg-
3oHToB rlareo3oq' Koropbre oKa3ErBaroT cyqecrBeHHoe BrvrflHne ua Sopnarz-
poBaHI4e xHMl4qecKoro cocraBa no43eMHbrx BoA nepxuefr LracTW rnApo-
reoJrorurrrecKoro pa3pe3a 1292].
B pesyrbrare o6pa6orKrr oKoJro 3 mrcflr{ aHarr{3oB npod iloA3eMHbrx
Bo'd aBTopoM paccql4TaH cpeAHuil ttouuo-correBofi cocrae BoI 3oHbr ruilep-
reHe3a loueqxoro BoAoHarlopHoro lacceftua. llolyueHHa-a ycpetrHeHHa-q






3ro cBr4AererrbcrByer o roM, qro
rr4rrecKoro pa3pe3a Ao rnySrau 150
B cauofr nepxueft qacrr4 rr.{Aporeorro-
- 200 M B ocHoBHoM npeo6raAaror cra-
ooIueIoqHbIe cynr S arHo -rr4Ap o xap 6 o uarHbre (KaJrbrIHeB o -HaTp r{eB o -
MarHr.reBrre) coloHoBarbre BoAbr 1292].
llol,tprvo ynoMflHyrblx, I4HorAa Bcrper{arorc-f, BoAbr, xzMprqecxufi co-
craB KoTopbIX orJlnqaercfl or xapaKTepHoro AJrfl perr4oHa. Tarue flBruer4fl
qarue Bcero Moryr Bbl3blBarbcq rexHoreHHbrM Brr4flHvreM, orHaxo 6trearcr
cB.q3aHbr 14 c aHoMaJrbHbrMH npr4poxHbrMH npoueccaMLr.
2.1.5. f" lpo.eoxrrMuqecrcafl  3oHaJrbHocrb B pa3rnqHbrx
reoJroruqecKHx cTpyKTypax
fra4poreoxlrMl4r{ecKas 3oHaJrbHocrb flBJr.{ercfl orpa)KeHr{eM, c oAsofi
cropoHbr, 4efrcrBr4fl rpaBl4TaUuoHHbrx cnl 3eulu, a c Apyrofi - croxHbrx
reOJ'lOfI4rIeCKI,IX IIpOUOCCOB, IIpOI{CXOIIIr1UX B geNauOfi KOpe. OCuOea ee
cpopltzpoBaHu.q B coBpeMeHHoM Br{Ae - TeKToHrrqecKr,Ie ABr4}KeHr4-fl, Koropbre
npI4BoAtlr K o6pasonaHl4ro reoJlorrrrrecKilx crpyKTyp, onpeleJrrror I\u-
HaMI4Ky ilOA3eMHbIX BOA kr BIrr4flrOT Ha Ir3MeHeHVre VX XI4Mr4r{eCKOfO COCTaBa.
OopnrrapoBaHI4e rI4Aporeoxr4Mr4qecxofi 3oHarrbHocrr,r /{HeuponcKo-
Aoneuxoro aBraKoreHa orrr4caHo B ueroM psAe pa6or 110,69,135, 179,269,
28I,288, 292 u Ap.].OtrHaxo HeKoropbre acrrexrrr srofi npo6reurr rpedyrcr
Soree no4po6uoro paccMorpeHr4r.
Ha ocHoBaHI4I{ 6oruuoro Sar<ruvecKoro Marepr.raJ'ra aBTopoM ycra-
HOBreHa fl4ApofeoxllMl4qecKafl 3oHaJrbHocrb B pa3rr4rrHbrx BoloHocHbrx fo-
pI43oHTax 14 KoMrIrIeKcax a o6ocuoBaHbr cxeMbr ee SopuupoBaHr4.q B reoro-
rt4rrec KI4x cTpyKTyp ax B o croqH ofi qacru /[nenp on cxo -flo HerrKoro aBrraKo re -
Ha.
B o6racr-f,x rau$nnrrpaur4oHHoro trLrrannfl nepxHefi qacrr4 Me3o-
gofrcKux cI4HKJII4HarbHbIX SaccefinoB npr4 pacrBop eHkrLr r4rrca,.Karbur4Ta 14
.{oJIoMI4Ta B rlpucyrcrBprkr yrJreKr4crrorbr aruocSepHoro u 6uoreHHoro npo-
I4cxoxAeHrax SopMr{pyrorc.fl uefirparrbHbre (pH 6,8-7,2) rvrapoxap6oHarHo-
HarpaeBo-KarbuneBble (ranrqzeBo-Maruueeue) Borbr c Mr.rHeparvza\uefi
0,5 - 1 ,0 rlry a raruKe rl4trpoKap6ouarno-cynr$arHbre 14 cyruQarHo-
fl4ApoKapSoHarnble BoAbI Karbrlr4eBoro, MarHr4eBoro r.r cMerrraHHoro Karr4-
oHHOfO COCTaBa C Mr4HeparrrBar\Lreir 2,0 - 4,0 rlt u pH 6,6 - 7,2. B rreH-
TparbHbIX qacrrx cHHKJrr4Har'eit r y6uua 3aJreraHr4.{ rurpoKap6ouarso-
Karrbr{r4eBbrx BoA o6r,rqHo He rrpeBbrruaer 50 M, a fnApoKap6osarso-
cyrsSarHbrx u cynrQarHo-rr4Apoxap6ouarHbrx Aocrr4raer 800 - 1000 N{.
Hux<e, Ha rry6uHe 900 - 1200 M, BcJreAcrBr4e KarrroHHoro o6nr eHa vr a6wo-
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feHHofi AecyrboaT43ar\r4r4 rroA3eMHbrx BoA Bbrrxe3arefarorur4x foprr3oHToB
(c yuacu4eM 3HAoreHHoro yrJreKr4croro rasa), odpasyrorc-f, u1ero.rurre (pH
I ,8-9,2) rl4ApoKapSoHaruo-Harpr4eBbre Bolbr c Mr4Hep arrr43ar\uefi 0,5 - 2,0 rlt
f2BBl. O6pasoBaHr4e r4x Moxer rrpor4cxoAr4rb raK)Ke ilpr4 trerr4rparaukrvr pI
pacKpl4craIrr'v3allur.I Ml4HeparroB c BbrcBo6oNAesraeM 3Har{ureJrbHbrx KoJrr.{-
rrecrB MoreKyrxpnofi (OH, H*, HrO*; 
"oA"t [135, 150]. C rry6unok (6o,ree1000 - 1200 ru) rpol4cxoAr.rr cMeHa 3rr4x Bor Ha xJropr4trHo-Harpr4eBbre
(xarrqraeesre) BoAbr 14 paccorbr c MuHeparrtgar-luefr lo 30 rltu 6onee (Kpa-
MaropcKo-t{acon flpcKafl ) Kanrumee axcxo-JllrMaHcKax, I T lzloB cKar 14 Apyrue
cr{HKJIrrHatu). (DopuzpoBaHl,re xJropr4AHbrx BoA n rry6or<r4x ropr43oHrax Me-
3o3otr rpol4cxoI.VT, rrraBHbrM oSpasou,3a crrer rronroKa rrareo3oitcxux Bor.
He ncxrrcqeHo raKlxe, r{To ortpeAerleHHoe BrH-gHlIe Ha r4x r,roHHo-co:reeofi
cocraB oKa3blBaror MeranaopQoreHHbre BoAbr? rrocrynaroulr4e no 3oHaM pa3-
roMoB. B pe3yJlbrare xropr4AHo-Harpr.reBbre Bolbr rly6orux ropr43oHroB
npuo6peralor crox<srrfr reHe3r4c, r{erKar r4HTepnp erarJkrfl Koroporo B Ha-
cro.qruee BpeM-f, 3arpyAHeua [288].
Ha aHrnKJrlrHaJrbHbIX cTpyKTypoX, ofpaHurrnBaloulr4x JroKarrbHr,re Me-
sosofrcxHe 6accefiurt, rHAporeoxuMr4rrecKafl 3oHarrbHocrb pe3Ko Hapy-
IrIaercfl. Xropn4Ho-Harpr,reBbre Bo4br, xapaKTepHbre l\rr rly6oxnx ropr4-
3oHToB, Bcrperrarorcfl y)Ke Ha rry6uHax 50 - 100 M, a r4HorAa [4 B Bo-
cxoAqtuux I4cror{Hl4Kax Ha noBepxHocrr4. Osu o6HapyxeHbr Ha Kpacnooc-
KorrbcKofr (cxn. 58, rry6uHa 12,7 w), Topcxo-flpo6uurescxofr (cxe. 795],
r:rybuHa 18,0 tr), Cesroropcxofr (crn. 148, rry6rana 200na), Ilerponcxofi
(po4Hnx 60a), llle6eluucxofi (cr<n. 5864, rrrylvrua 174v), KpacuonaBrroB-
cxofi (cr<e. 145p, rny6vrua 44 w) v qpyrr4x 6paxu-aHrr.rKrlrHarrx.3rv noEr,r
oSrararor BbIcoKLrMu HarropaMr.r. BcrcprrBrrrr{e r4x cKBax(r4Hbr HepeAKo $on-
TaHl4pyror. @osraHl4poBaHr4e conpoBo)KAaerc.q ra3oBr,rMLr c-tpyrun, npeoS-
raAalour4M KoMfroHeHToM KoTopbrx flBrfleTcfl MeTaH.
34ecl )Ke, B llpeAeJrax aHTuK .l.rtaneit Ha rny6r4He nepBbrx AecflTKoB
MerpoB B pe3yrbrare oKucrreHrax cynr$r4AHbrx u pacrBopeHzfl cymSarHbrx
Ml4Heparoe Sopuupyrorcfl cra6oxucrbre (pH 5,4-6,8) cymSarurre BoAbr c
NlnHeparuza1uefi 2,0-3,0 rlry Koropbre B rry6orcax ropr43oHrax Me3osofi-
cKI4x crpyKryp, no-Br{ArrMoMy, o6pasyrorcs B pe3yrbrare palnorvr:a [51].
T at<as cxeMa Beprl4Karluofr rlrxporeoxaMr4rrecxofi 3oHarrbHocrr,r o5y-
croBreHa rHApoAIrHaMr4rrecKr,rMH ocodessocr-rrMr4 crrHKrruHarbHbrx kr aH-
rI4KrI,IHaJIbHbIX nteso:ofrcKr4x crpyKTyp. B 3oHe ceo6oAHoro eoloo6Naeua
cI4HKrHHateit nepeMerueHr{e [oA3eMHbrx BoA ilpor4cxotrr4T rrotr AeficreneM
n4rpocraruqecKoro AaBrenr4fl vr HanpaBJreHo or oSlacrefi nuraHr4fl x o6lac-
rflM pa3rpy3Kl4. C yBeruqeHr,reM r:ry6uHu Ha rv:nawu-uecKoe cocroflHue
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rIoA3eMHbIX Botr, fIoMr4Mo fHApocrarl4rrecKoro, Bce Oorlbruee B:trvr'.Hvre oKa-
3blBaer reocrarl4qecKoe AaBreHr,re. B r:ry6orur ropr43oHTax nocreAHee pe3-
Ko Bo3pacraer BcreAcrBl4e rrpo.flBreHnr B peruoHe Hoeefrtrrux H coBpeMeH-
Hbrx reKToHHLrecKax ABr.r)KeHufr c anrnlury4aMvr to 2 - 10 nru B fol [17, 18,
2991. B pesyJlbrare ilpol4cxoAr4r rrepeMeilIeHr4e orAerbHbrx 6:roxoe geNauofi
KOpbI rr pocr aHTVKJII HaIrbHbrX CTpyKTyp, npoT-sfr4Barour4xcfl Btrorb 3oH aK-
TVBw3vrpoBaHHbIX rny6laHubrx pa3JroMoB. 3ro npraBoAr4T K pe3KoMy yBeJrr4-
rreHuro feoII4HaMZrrecKIrX Hafpy3oK Ha BoAoBMerUarcillr4e rTopoAbr tr or)Ka-
Tr{ro rI3 HI4X flOI3eMHbIX BOA, KOTOpbre y0TpeMrrfl}oTc.q BBepx no 3oHaM pa3-
IOMOB, fAe Ha HI4X OKa3bIBalOT AOtrOIHr4TeIbHOe AaBIeHr4e 3HAOfeHHbre
Q,'rrou4sl 14 TelrJroeoil rloroK. 3rra eoArr, oSorarqeHHbre Mr4Kpo3reNreHTaMpr 14
ra3aMl4, BbIXoAtr K 3eMHoft noeepxHocrr4 B rrpeAenax pacryrrlr4x aHTuKrrr4-
HarbHbIX cTpyKTyP,, H? KOTOpbTX ilpOr4CXOx.r4T CHflTr4e feOCTaTHqeCKOfO IaB-
reHrr.n (pzc. 2 3).
B ilareo3oficrax feoJlorl4r{ecKrrx crpyKTypax SopunpoBaHr,re rr4Apo-
reoxl4Mrl'Iecxofi 3oHarbHocrr4 prMeer cBor4 oco6eusocrr4. Ouo oSycroereHo
He CTOJIbKO HaJII4r{ZeM CHHKJIIIHaJIbHbIX 14 aHTLIKJII'IHaJIbHbIX CKIaAOK, CKOJIb-
xo 5:roxoBblM xapaKTepoM 3eMHofi xoprr. B [peAerax orAeJrbHbrx 6loxon,
npeIcTaBJI-flroIrII4x co5ofr o6oco5:reHHble rr4Aporeororr4r{ecKrre crpyKrypbr,
HOpMaJIbHAfl f[i pofeoxr4Mr,rqecKafl 3oHarbHocTb orrpeleJrfle'rcfl pacnpocrpa-
HeHr4eM cBepxy BHr43 rr4ApoKap6oHatrbrx, fr4rpoxap6oHarHo-cymSarHrx,
cyrlQarHblx, cyru$arHo-xJloprltrHbrx r{ xropr4nHbrx BoA c [aparrerbHbrM
yBerI4qeHI4eM I4x MlrHeparr43auuu. OAnaKo, Hr4xe 3oHbr ceoSoAHofo BoAO-
o6uesa 3TI,I reoxl4Ml4rIecKr{e rrrrrbr BoA Aa)Ke B cMe)KHErx crpyKTypax Bcrpe-
LlaroTc-fl Ha pa3Hblx rny6raHax, o rreM cBl4AereJrbcrByror cxeMbr rr4trporeoxr4-
Ml,IqecKofi soHarbHocrl4 In.q pa3rr4rrbrx reoJlorr4qecKr4x pafioHon "orxpsno-
ro" f,oH6acca 16971. Tax, n loneqxo-MaxeeBcKoM, I{eHrpa:rbHoM, Ivtcu-
qaHcKoM, Atnta3uo-MapreBcKoM u ;Jpyrux pafioHax, BeprnKarbHafl rrrApo-
reoxl4Ml,IqecKa.fl 30HarbHocrb e 6rusrex(aurux rr4ApofeoJTorr4qecKr4x crpyK-
rypax Bapbl{pyer B rlpeAerrax coreH MerpoB. 3ro sueHr4e o6'sscnxerc-r pa3-
HoHanp aBreHHbIMH TeKToHr,rqe cKr4Mr4 ABr,rxe lu:zflMtr 6loxo n : enrHofi Kop br ilo
cr4creMaM pa3pbrBHbrx uapyureurafi .
B xaxAofi 6:roxonofi crpyKType KaK rrorfl rrJracroBbrx AaBreHHfr, rax u
BepTI,IKaJTbHa.fl rI{ApOfeOXI'IMl4qecKa.tl 3OHaIIbHOCTb SOputtpy}OTcfl He3aBH-
cHMo, nocKorbKy ilpH neSorturnx yKroHax BoIoHocHErx [opoA eoAoo6N{e-
Ha Mex(Ay lukrMr4 ua rny6r4Hax cBr,r[re 1,0 - 1,5 xna noqrr4 He [pot4cxorar
12071. llp, 3roM Ha rrlil rllAporeoxr4Mar{ecxofi 3oHarbHocrrr pemarouee
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llo4rent Oroxa BbI3bIBaer pacKpbrrae rperulrH 14 B Tpeqp{HHbre KorreK-
ropbl ycrpeMrflrorcfl troroKr{ rau$umrpaur4oHHbrx BoA. flo nrepe ero Bo3-
AbIMaHI4fl Ha rIpOTfl)KeHr{r4 IOBOTTbHO ATLITeXbHO|O feOIIOfI4r{eCKOfO BpeMe-
H11, BOAOHOCHbIe fOpr43OHTbr B HarrpaBreHprr4 cBepxy BHrr3 r4HTeHcHBHo npo-
MblBalorcq, r{To o6ycnaeJll4Baer o6pa:oe aHkre B BepxHefr .racrr4 rr4Aporeo-
rorl4llecKoro pa3pe3a uouruofi (ao 500 - 700 u) :ourr rpecHbrx rnApoKap-
6ouarurrx kr rurpoKapSosaruo-cy,rrSarHbrx BoI. B orAerbHbrx, xopotuo
rlpoMblTux Sloxax Aax(e xroplrAHo-HarprleBbre BoAbr, o6sr.{uo Bcrpeqarc-
ul4ec.q na rry6r{Hax cBblrre 1000 - 1500 M r4Meror HeBbrcoKyro, ro 5-7 rl\
Mr4Hep arr43 auulo (I_{eHrp artntrfi p afr oH).
Onycrcauue 6lora BbI3bIBaer yBeruqeHr4e [racroBbrx AaBr ennit, Koro-
pble Bo3pacralor rlpo[opqlIoHarbHo rry6raHe florpyx{eHr4fl BonoHocHbrx ro-
pI43oHTon. llpra 3ToM @pouranbHbre rroroKu rrrorHbrx rry6uHubrx BoA or-
x(LIMaIOTCf, B BepXHlOrO qacTb CTpyKTypbr, BbrrecHr.fl JrefKpre, MaIoMtrHe-
parI43oBaHHbIe anSunrrpaulroHHbre BoAbr B rrpunoBepxHocrHyro qacrb pa3-
pe3a 14 cMelrlllBaflcb c HHMI4. 3ro errsbrBaer ,r3MeHeHr4e cyulecrByrouefi rutr-
poreoxlrMlzqecKofi soHarbHocrr4 B cropoHy yMeHbtueHu-rr Morr1Hocrr4 3oHbr
rr4trpoKap6oHarHbrx 14 rr4ApoxapSouaruo-cy:rsSarHbrx MaJroMr,rHepaJrr43oBaH-
HbIX BoA. floltvnto SpoHranbHbrx, JroKaJrbHbre KoHBeKTHBHbTe noroKr{ BOA
rry6oxoro $opuupoBaHnq, coAepr(aulr4e sHxoreHurre Slro r4tr-r, ycrpeMrfl-
rorc-fl K noBepxHocrl4 no rr4ApoAr.{HaMr4lrecKr4 oc, a6reHHbrM 3oHaM TeKToHr4-
qecKr4x pa3roMoB. B Mecrax nx BbrxoAa Sopurapyrorc_fl rr4AporeoxaMrz-
LIecKue, fa3ofeoxl4MI4qecKr4e u fr4ApofeorepMr4r{ecxr4e aHoMarH14. B He-
Koropblx cryqasx nreN6roKoBa.q pa3rpy3Ka rty6vtHHbrx BoA HacrorbKo Be-
rlrKa, qro npI4BotrI4T x oSpa:oBaHr4ro Ha noBepxHocrr4 corflHbrx o:ep (o:.
Coreurrit [uwatt B AoJrr4He p. Cauaprr).
Taxana oSpasonr, rl4trporeoxr4Mr{r{ecKafl 3oHaJTbHocrb Bo MHoroM 3aBr4-
cr{T or xapaKTepa reKToHnqecKr4x ABU}r(erillri4 e perr4oHe.
2.2. Oco6esuocru
HeKOTOpbTX
feoxHMrrr{ rr 3aKoHoMepHocTrr pacflpeAereHuf
MHKpOSJTeMeHTOB B rrOA3eMHbrX BOAaX
iltts ilor3eMHblx BoA duenponcxo-loHeuKoro aBJraKof eHa HavrSo,ree
xapaKrepHbrMr4 Mr4KpoSreMeHTaMpr .flBrflrorcq 6pon, cbrop, 6op, pryrb,
Mbrrub-qK, uI,IHK, cBHHerI, MeAb, 6apuit, ypaH, Koropbre He rorlbKo orpa)Kalor
reoxlzMl4qecKyro cnequQraKy pa3fpy)Karour4xcr no pa3JroMaM BoA ruy5oxo-
ro SopuupoBaHlrfl, Ho 14 I4rparor Ba)KHyro poJrb B pytrHofi nrunepareHrrr4 pe-
rr.roHa. PeNe o6HapyNr4Barorc.f, itoE, crpoHur4fi, nrapraHgu, xo6alsr, Hr4KeJrb,
TUTaH, XpOM, OJTOBO, UOlV6reU, Cepe6po, cypbMa, rrr4Tr4rt, py6ugvtfr, qezvil.
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tr4HorAa Bcrper{a}orcfl 14 [pyrvre Mr{Kpo3reMeHTbr. llo.{rr,r Bce oHr4 npr,rcyrcr-
Byror B opeoJrbHbrx BoAax r43BecrHbrx pyAHbrx MecropolrAeHufr u pyAorrpo-
ssteuuk 14 rracro BXoAflT B accouual1:av 3reMeHToB-r{HAnKaropoB pa3irr4lr-
Hbrx Br.rAoB cKpbrroro opytreH eHLrfl ll7 9 , 292].
Cpe4nue (Souoelre) coAep)KaHr4fl 6ortrurr.rHcrBa Mr4Kpo3rreMeHroB
roA3eMHbIX BoA 3oHbr rr4rrepreHe3aperr4oHa (ao rny6ran 150 - 200 nr) e o6-
IrIeM corracyrorc-s c r4x rrraHerapHbrMr4 "rrapxaMu". OAsar<o HeKoropbre
3reMeHTbI npr4cyrcrByror B BoAax perr4oHairbHoro Soua B KoHueHTparrprrx,
rlpeBbllrraloil-u4x KrapKoBble. K HuM, B qacrHocrl4, orHocflTc-rr 6pou, 6op,
MapraHe g, Sapuiy pryrb (ra6lzq a 2.6) .
Ta6tuua 2.6
C p an uurerb H afl xap aKrep 14 crr4Ka cp eAHr{x Ko Hu e Hr p arrLrir M n Kp 03 Jr e M e HTo B
B rrotr3eMHbrx BoAax 3oHr,r fr{nepfeHe3a frraHeTapHofo tr
perr4oHarrbHoro Soua (f,oH6acc 14 Bocror{Hafl qacrb AAB)
Xnuuqecxue
3JIEMCHTbI
BoArr loudacca 14 BocrorrH oit \actu
AAB
(no B.f .CyqpKo, 1985r.)
Bo4rr rnaHerapHoro Soua








I 2 aJ 4 5 6
Br 1.0- 1 .5 161.3 1 585 0.83 l  386
F 0.3-0.6 9.0 t637 0.45 | 1143
B 0.3-0.5 25.0 ts67 0.042 4629
Mn 0.06-0.1 1 7.5 349 0.049 171 5B
Zn 0.02-0.04 25.0 1537 0.034 24r05
Ba 0.1 220.0 498 0.019 1 8849
J 0.02 12.s t25 0.016 t 41B
Li 0.026 21.0 366 0.014 2636
Ti 0.0r2-
0.04s
8.0 485 0.01 20423
Cu 0.001-
0.002
0.39 1408 0.006 24s48
Ni 0.005 0.026 486 0.003 23289
Rb 0.0078 0.08 415 0.002 IT62
Pe 0.001 0.25 242 0.002 22s7 6
As 0.001-
0.002
0.2 I 587 0.002 T7658
7B
2 aJ 4 5 6
Mo 0.0008-
0.001
0.s3 254 0.002 21780
Sb 0.01 0.0 r 1sB 0.001 I 0057
Hg 0.001 * * 0.05 227 8 0.0009 13731
Co 0.004 0.16 t62 0.0007 22996
AE 0.00002 0.54 203 0.0003 237 4r
flptrttaeuanrae: *xorurqecrBo aHaJrrr3oB; * *onpe4ereHr4e [por43BoAuJrocb uvrv3o-
HOBbTM MeTOAOM
C HsveHeHr{eM xr4Mr4r{ecKoro cocraBa rrox3eMHbrx Bor uaSmo.qaercfl
I{3MeHeHae KoHueHTparlr4fi nrraxpo3reMeHToe. MraHHMaJrbHbre Qouonbre KoH-
ueHTpaunrr 6olsrunHcrBa xr4Mr{qecKr4x 3rreMeHroB xapaKTepHbr Arrfl rtpe-
cHbIX, HefirparbHbrx, rr4ApoKap6ouarurrx rr rrrrpoxap6oHarHo-cym$ arurrx
Bor Karbur4eBofo, MarHr4eBofo rr cMe[raHHoro Karr4oHHoro cocrasa. B cra-
6orncrurx trr, KaK ilpaBr4iro, 6onee Mr4Heparr43oBaHHbrx cyrbSarHux BoAax
coAepx{aHvrfl r4x 3aMerHo yBerlrr{r4Barorc-fl. Eure 5o:nme Bo3pacraror oHr.r B
cyns$arHo-xropr{AHbrx BoAax, Mr4Hepaxr4sar\Lrfl Koropbrx HepeAKo npeBbr-
Irraer 5-10 rln HavSoree BbrcoKr4e Souonrre KoHueHrpar{r4r4 Mr4Kpo3reMeH-
ToB ycraHoBJreHbr B rnrpoKap6oHaruo-(rropra4no)-HarprreBbrx r.r BbrcoKo-
Ml4Heparr{3oBaHHbrx xlopr4lHo-HaTpr4eBbrx BoAax? oTflr,rqarcuuxcfl froBbr-
urennofi uleroqHocrbro (ra6r. 2 7) Taroe pacilpetreJreHr.{e coEep>xaHufr
Mr4Kpo3reMeHToB B pa3,Tl,IqHbrx feoxnMl4qecKr{x rr4ilax Bo.[ oSbqcusercfl
3KC[epr4MeHTaJrbHO yCTaHOBIeHHbTM yBeIUqeHr,reM r4X nOABII]KHOCTT4 C BO3-
pacTaHI4eM [IerorrHocTr4, KHcJroTHocTr4 r4 Berr4r{r4Hbr Mr4HepaIl]a3arL]au pac-
rBopa. 3ro, npelKAe Bcero, orHocr4rcq K 6ponry, 6opy, $topy (prc. 2.5), a
TaKXe ur4HKy:, MbrrrrbflK>r, pryrtr r{ MeIr4 (puc. 2.6).
2.2.1. Epou
Bpou flBJrflerc.q aHuoreHHbrM 3reMeHToM rroAfpyflrrbr faroreHoB. IIo
MHeHuro ps4.a r4ccJrerouaretefr, 112, I49, 232, 246] oH Bcrper{aercr B noA-
3eMHbIX BoAax KaK B Br4Ae aHr4oHoB Br-, rax kr B Br4Ee pa3rr4rlHblx KoMnreKc-
HsIX coeAnuesprfi c MerarraMlr. Kpove rofo, ycraHoBJTeHa cnoco6uocrb
6poua odpa:onbrBarb c fioAou 14 xiropoM KoMrrreKcbr rvrila rrorlrfaroreHa-
AoB, orrnrraloilIr4ecfl srrcoKofi xnMzrrecr<ofi axrr.rBHocrblo t86]. Mzrpaqur
ero ilporrcxoArrr raKxe u B rrapoo6pa:uoM cocroflH:avr [319]. B noAgeMHbrx
BoAax [oueqxoro rrporu6a u roro-Bocro.rHofi qacrr4 AAB 6pou - sau6oree
Bcrpelrarorurficq Mr4KposxeMeHr (prac. 2.7).llpracyrcrBpre ero ycraHoBreHo
79
ffrur/,t br:rryn










































Prac. 2.5. lloee4eHze 6pona, 6opa u @ropa B pa3xr4rrHbrx Qu:raxo-









































Puc. 2.6. lloeeAeHr4e ur4HKa, Mbrrrrb.flKa, pr>/Tkr
Qu:ur<o-xr4Mnr{ecKr4x ycroBr.rflx BoAHofi cpeAbr
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B 95,3 oA oro6paHHbrx npo5. 3Ha.{eHrax $ouoabrx KoHueHrparlufi 6poua e
pa3rr4rrHbrx BoAoHocHbrx ropr.{3oHTax u KoMnreKcax AoBoJrbHo 6ru:xu.
MarccunarbHoe corep)Kaurae SpoMa B AAB - 339,0 rltycraHoBrreHo n HeS-
rflHbIX BoAax 3anaAso-Kpecruuescxofi crpyKrypbr, a n f,oH6acce - 16I,3
rtr/n - B HH)KHerrepMcKr4x pacconax BbrrueraqvrBanvrfl Ha 3anaAHoM 6opry
Kp arrarop cxo-r{ac oBbqp crcofi cuuKrrrHarr,r. Sreu eHr o 6p asy er KoHTpacrHbre
BoAHbre opeorbr pacceflHr4.q BAort fraeHofi (5,9 - 16,l vrlt), ApyNKoBcKo-
Koucraurr4HoBcKofi (2,8 - 4,5), ApreuoecKofi (22,0 - 35,4 nrri.n), Claeru-
cr<oii (11,0 - 73,7 nrr/r), [pononcxofr (7,,8 - 22,4 ur/r) aHruKrruHalefi, a
raruKe BaHrrrureecxofr (5,2 - 5,8 ntr/r), Kopymcxofi (5,3 n,tril), KpacHooc-
xortcxoff (,qo 74,4 ur/:r) 14 Apyrr{x KyrrorbHbrx crpyKryp, ocro)r(HeHHbrx
reKroHLIqecKI4MI4 HapymeHrrflMrr (prac. 2.7).KpyuHrre r{ KoHrpacrHbre rr4A-
poreoxuMl{r{ecKr4e opeoJrr,r 6polra cQopurapoBaJrr4cb B 3oHe Cenepo-
Aoneuroro (lo 27,1 - 50 ur/r), lOxuo-/[oneqKoro (ro t 4,3 yrclt), Kpr.rno-
poxcKo-flaeroecKoro (6,1 - 9,2 nr/n), MrarafiroecKo-IopbeBcKoro (3,5
9,4 wrln) pa:ronaoe, fo6porrorbcKoro (17,8 wrln) r,r I-{eurparbHoro (ao 82,3
Mf i r )HaABr4 foB.
Fpou qacro rrpucyrcrByer B Botrax HeQrera3oBbrx 14 ru{AporepMarb-
HbIX Mecropoxt4eHIafi. Os Mo)Ker 6rrrs Hcrrorb3oBaH B KalrecrBe r4HrtrKaro-
pa He roJIbKo trpr4 rror4cKax cKpbrroro opyAeHeHu-f, Lr cxonleunfr yrre-
BoAopo.qoB, Ho tr ilpu Kaprr4poBaHr4r4 pa3pbrBHbrx Hapyuresvfi. B or4e.rbHbrx
cryqatrx I4HTepec npeAcraBrflror npoMbrrrrreHHbre lr :reqe6Htre 6ponrHbre Bo-
IbI.
2.2.2. (Drop
B noAseMHble BoAbr Stop ilocryraer KaK rro 3oHaM rrySunHbrx pa3ro-
MoB BMecre c ApyrrrMr4 3HAofeHHbrMH cp:tora4aura l7 , 101, 1491, raK v r43
BMeIIIarcuux nopoA ll49l. f'srxscb cr4rbHbrM Jrr.rraHAoM, ou o6pasyer yc-
rofiquerre KoMrrJreKcbr c pa3rr4r{HbrMr,{ 3reMeHT aMkr'. AlF2*, AlF3', FeFz*,
FeF30, SiF22*, SiF62-, MnF2*,, MnF2* r4 Apyrr4e 172, 136, 148,3201. B unHe-
parH3oBaHHbIX BoAax xJropprAHoro cocraea oco6oe 3HalreHr4e rrpr4o6peraror
ero coervHelvrfl c 6oponr (uo." ,BF3()H)",\F.(oH) ). c Koropbru cprop cBr-
3aH reHerl4r{ecKn [148]. B ycnoBu-flx r:ry6oxoro rr{iloreHe3a B repMarrbHbrx
Borax oSrFIHo npl4cyrcrByror clropnoEopoAHbre KoMrrJreKcHbre coeAr,rHeHrrt
rr4rra HF' [55' '  190].
B noAseMHbIX BoAax reppr4ropr4zr r4ecreAoBaHzfi Qrop Bcrper{aerc-q B
63 % npo6 (przc. 2.8).@ouosrre coAepN<aHrrfl sreMeHra B pa3rr4rrHbrx BoAo-
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O6rra1as, srrcoxofi roABl4xHocrbto, Stop o6pasyer B BoAax luenpoe-
cxo-foueuKoro aBraKofeHa o6ruupurre BoAHbre opeoJlbl pacceflHr4fl (puc.
2.8). Co4epNaH:ae 3JreMeHra B Hrrx cocraBJr.fler 0,5 - 1,0 ur/rt,, Ho I4Hortra
Aocrrrraer 4,0 - 7,0 nrr/r. HaaSo:ree KoHTpacTHbre aHoMaJIHu Qropa ycra-
HoBJreHbr B opeoJrbHbrx BoAax pryrHoro pyAHoro ror-fl lpyNroBcKo-
Koscranrr4HoBcKofi asrvrKrr4HaJrr4 (9,0 nar/:r) ra lloxpoeo-KrapeencKoro Me-
cropo)KtreHr4fl Snrooputa (7 ,5 ur/n). Brrcoxpre coAep)Kanlafl 3reMeHTa o6sa-
pyx{eHbr B Borax CraeqncKoro (2,1 - 5,6 *rrln), llerpoBcKoro u EepexcKoro
(.2,2 - 4,3 wrlt), KpacuoocKorbcKoro (2,7 - 4,0 wrlrr) xynoron.
Kpynurre rpr4poreoxr,rMr,rqecKr4e op orbr Sropa ilpocre)Kl,IBalorcfl B
rrpeAerrax Meqe6r4roBcKofi (1,6 - 3,2 nar/n), Kopy:ncxoft (7,4 - 2,0 vrlr'),
faepuroncr<ofi (1,7 - 3,5 ur/n) KyrroJrbHbrx crpyKryp, a raK)Ke n pafioHe
f,ponoecxofr (2,0 - 2,5 ur/n) vr Ha ceBepo-3araAHoM 3aMbrKaHwu f tasHofi
(1,8 - 2,5 narir) aHrr4KJrlrHarelt. Bucoxue KoHueHrparJkrvr 3 leMeHra 0"n-
cupyrorcfl B opeoJrax, rTpor.f,frrBaroilIvrxefl BAoJrb Kpranopoxcxo-llaB,loB-
cKoro (.2,0 - 3,0 nrrir), Muxafiroecrco-IOprencKoro (uo 2,5 nrrh), Myrurce-
roecKo-llepcr4aHoBcKoro (1,8 - 3,7) rry6nHurrx pa3noMoB tr ceBepHee
Kpacno-llaeroncxofi crpyKrypbr (3,9 - 5,5 ur/n), a raxNe B rrpeAeJrax Srex-
cypHbrx cKJraAoK doHeqxo-MaxeeecKoro pafioHa (2,0 - 3,4 vrlrr).
@rop qacro rrpr.rcyrcrByer B noA3eMHbrx BoAax 3oH opyAeHeHzr.
Odrr.{eH oH 14 B opeorbHbrx Bolax rr44porepMarbHbrx Mecropo)KAeHl4fi f,on-
Sacca (ra6n. 2.10).
Ta6ruua 2.10.


























4,0-  10,0 7,6-8,0 0,4-0,6 40 -7  5 B.f.  Cyrpxo,
1985;  1990
86
flogronry 3reMeHT flBrqercfl rrpflMbrM rr4AporeoxuMur{ecKllM v,HAr4Ka-
TopoM $nroopnroBoro, pryrHoro 14 KocBeHHbrM - rlorll4Merarrl4qecKoro tr
Apyfr4x Br4AoB fr{AporepMaJrbHofo opyAeHeHl4fl .
2.2.3. i lon
llocrynreHue fiota B noA3eMHbre BoIu 6omurr,rHcrBo HccJretroearerefi
cBfl3brBaer c r.r3BrerreHr.reM ro r43 BMeularcruux nopoA, o6orarueHHblx opra-
Hr{r{ecKrrM BerrlecrBoM lI49l. Orsaxo cyuecrByer vr flporl4Borlorox{Hoe
MHeHue, cofJracHo Koropouy cno6oAuuil fior nocrynaer rr3 oqaron uy6uH-
sofi resepa\vrrt 1141, 194,319].
Marpaur{.fl 3rreMeHra ilpor4cxoAr4r B Sopiue itotrvrila (J-), fioaara (JO2-)
14 pa3rLrrrHbrx fro4opraHr.rqecKr.rx KoMrrJreKcoB [86, I49]. HaraSo:ree Sraro-
npr4-srHbr Arfl 3Toro rueroqHa-s cpeAau orpvrrrarerbHble 3Har{euns Eh.
B [oA3eMHbrx BoAax perrroHa ito4, BBr,rAy HeAocraro.rHofi qyBcrBI4-
TeJlbHocrr4 anatv3a, oilpeAerqercfl peAKo. BcrpeuaeMocrb ero He rrpeBbrtrra-
et 20o/o. Cpe4Hee cotrep)KaHr4e 3JTeMeHra B pa3ruqHbrx BoAoHocHbrx ropu-
3oHTax r,r KoMrrreKcax or <0,001 nrr/r B ilpecHbrx fr.rAporcap6oHarHblx BoAax
Ao 0,002 ur/rt B xJropr4AHo-Harpr4eBbrx BoAax z paccoxax.
fra4poreoxuMr4qecKrre aHoMaruu frotra r{erKo Sur<cvpyror 3oHbI Aoir-
rox{rrByrur4x pa3xol,ron (pzc. 2.9). Haa6oree KoHrpacrHbre H3 Hrrx ycraHoB-
reHbr B rroA3eMHbrx BoAax Hr4)r(HerrepMcKl4x farlofeHHbrx orro)KeHIafr eoc-
ror{Hofo Kpbrra Aprenroecxofi aHrr{KJrr4*arkr (2,5-I2,6wrl t) n CnaerHcKoro
Kvrora (.7,7-8,6 nrr/.n), B BoAoHocHbrx ropr43oHrar xap6oua frasHofr (1,6-
8,0 ur/r) n ApyNKoecrco-KoHcraHrr.rHoBcKoir (1,4-2,3 ur/r) aHruKrr4Hareii,
a raKxe KpacuoocKorrbcKofi (1,0-34,0 ur/r), Cnqroropcrcofi (ro 3,0 ur/n),
Cnueaxoncxoil (ro 5 n,rrlr) KynoJrbHbrx crpyKryp. Brrcoxne coAepxaHl4.tl
sreMeHra o6Hapyx{eHbr B iloA3eMHbrx BoAax soH Ceeepo-{oneuKoro (1,6-
I,7 vr/r), ArMasHoro (lo 2,5 urir), KpraeopoNcxo-flaBroBcKoro (ao 5,2
nrr/r) n lOxso-noneuxoro (1,0-1,3 vr/n) rny6nnubrx pa3roMoB.
Auouarvru fiota LrcrroJrb3yrorcr He rorrbKo KaK rrot,rcKoBrtfi npu:uax
cKonreHwfi He$rvr vr ra3a, Ho 14 flBr-flrorcfl AocraroqHo HaAex{HbIM rrHAuKa-
rop oM cKpbrrbrx p a3pbrBHbrx eKro Hlrr{e cKI4x Hapyureunfi 1222]
2.2.1. Eop
Hcro.{uuxou 6opa n [or3eMHbrx BoAax flBr-srorcr pa3rIIrIHbIe 3HAo-
reHHbre 14 rlrnepreHHbre Mr4Heparb\ a raruKe rry6uuHrre cfruovLb\ ilocry-
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cryqae 3reMeHT Moxrer r4MeTb KaK roBeHr.rJrbHoe, TaK rr MeTaMopoofeHHoe
npoucxo)KAeHHe 17 , 55, 148,3201
Eop npracyrcrByer B opeorbHbrx Bo4ax pa3rurrHbrx rr{trporepMaJrbHbrx
MecropoxAesnfr peAKoMeraJrbHbrx, pryrHbrx, MeAHoKorqeAaHHbrx,,
cp:rroopuroBbrx ( a6n. 2.1 I).
Ta6tuua 2.11.
Co4epNalr:ae 6opa B iloA3eMHbrx BoAax HeKoropbrx rurroB
pyAHbIX MecropoNAeuufi
3rerteHr o6:raAaer BbrcoKofi noAsr,rx(Hocrbro B iloA3eMHbrx BoAax 14
oSpasyer oSurupHble opeoJrbr paccerHvtx. B cra6oKr4crbrx uefirparbHbrx 14
cra6ouleror{Hbrx BoAax (pH 6-8) npeo6raAarouefi $opmofi HaxoxAeHr4.n
6opa (94-99%) xnnxrorcr MoreKyrbr opro6opuofi rczcrrorbr (H3BO3). flpn
pH>10 rroBbrrrraercq porb aHr4oHHoro KoMrrreKca H2BO3-. lpyrue KoM-
IIreKcbI (BCO: . BOi ) unteror iloAr{I4HeHHoe 3Har{eHr4e.
flpz Harrrrukr B rroA3eMHbrx BoAax Qropa qacro o6pasyrorcx 5op-
$ropHue KoMrrJreKcbr BF; , BF(OH) , BF,(OH), ilpr4r{eM o6pa:onaHr4e KoM-
rJreKcHoro aHrrosa BFf xapaKrepHo Arrfl Kprcrrbrx BoA [148]. O6pasoBaHpre
Karl4oHHbrx KoMrrreKcoB 6opy He ceofrcrBeHHo tB6]. llo AassbrM r4ccJrreAo-
saHuir ra3oBo-)KrrAKrrx BKrFor{eH uit s MraHeparax r}rAporepManbHoro reHe-
3r4ea, 6op n Hux coAep)Kr4rcfl e Sopue aHrroHHoro KoMrrJreKca BO; 12411.
Os rarcxe Llacro o6pa:yer KoMrrreKcbr c opraHr4qecKuMr4 aAAeHAaMr4.
B noAseMHbrx BoAax perr4oHa 5op npracyrcrByer s 62 o/o orc6paHHbrx
npo6 (puc. 2.10). @oHoebre coAeplr<aHr4fl DreMeHra Arfl,6orsrunHcrBa BoAo-
HocHbIX ropI43oHToB H KoMrreKcoB cocraBr-f,ror 0,2-0,5 ur/r (ra6n. 2.I2).
MaxcauarbHble coAep)KaHux 6opa (lo 25,0 ur/r) ycraHoBreHbr B xrro-














/ l 2,4 7,7 7q 0,03 -  0,25 f.A. fo:reea,
1  968
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cKofi KorJroBr4Hbr Ha 3arraAHoM rrpoAor)KeHI4I4 Arnla^gHoro HaABara. B raKlrx
)Ke Botrax CraesHcKoff crpyKTypbr KoHIIeHTpar\w 3reMeHra cocraBrflIor
I,6-9,0 urin. fra4poreoxr4Mr{qecKr{e aHoMarII4I,I 6opa cSopmzpoBanl4cb B
opeorbHbrx BOAax pryrHbrx MecropoNAesufi fnasHofr (.7 ,2-9,0 nrr/n ) n
[pyxr<oecKo-KoHcraHruuoecKofi (3, 1 - 1 0,0 nrr/r) aurux rrwvatefr, llot<pono-
KrapeeecKoro MecropoN(AeHuq $moopura ( 1,5-4,9wrl t), CtaBfHcKor o (2,1-
5,6 nrr/n) ra Haro:rsuo-TapacoBcKoro (lo 4,0 nrr/r) py4usrx nolefi. Kpynnue
opeorbr 3reMeHTa Bbr-f,BJreHbr B rroA3eMHbIX BoAax goH Ceeepo-flouelrKoro
(3,6-4,5 ur/n), IONuo-toHeuKoro (6,8-23,}rvrrin), Myurxeroscro-llepcva-
HoBcKoro (.qo 6,4 wrlr^), Mnxafiroecxo-IOprencKoro (1,2-3,1 nnr/n) pa3ro-
MoB. KourpacrHbre aHoMaJrr4v 6opa B pa3rI4rIHbIX BoAoHocHbIX ropl{3oHTax
H KoMrrreKcax ycraHoBreHbr B ilpeAerax KpacHoocKoJlt,ct<ofr (1.5-2,5 nrr/r),
fpouoecxofi ( 7,2-16,0 vrir), llerpoecxofi (2,0-2,8 nnr/r), llledenuucrofi (eo
12,3 r'urln), Keruqeecxofi (I,5-2,2 nr/r), Canrofrnoecxofi (2,8-3,7 nrr/r), Iox-
Horo Kpbrna Jlosoecrcofi (ao 5,8 ur/n) u pxEa Apyrrrx KyrorrbHblx crpyKryp.
Eop xerfl.ercfl rr4Aporeoxr{Mr4r{ecKr{M rHAHKaropoM pryrHoro opyle-
HeHprfl 14 3arexefi yrrenoAopoAon. llpocrpaHcrBeHHoe rIoJIox{eHI,Ie aHoMa-
runfi Sopa yKa3brBaer Ha ro' rrro pacilpocrpaHeHl4e ro B iloA3eMHbIX BoAax
perr{oHa KoHTpoxr4pyerc-q 3oHaMu rry6zHurtx pa3JIoMoB. 3ro He rorbKo
cBr4AeTerbcrByer o fr,rilofeHHoM rrpoucxox(AeHl4l4 onpeAeileHHofo Korl4qe-
crBa 3reMeHTa:, Ho 14 tlo3Bor_fler paccMaTpr4Barb efo B Kar{ecrBe [oKa3arer.fl
reo Jrorr,rqecKr{x ilp oUe ccoB, rlp oreKaro u1ux Ha 6olrurnx r:ryb nHax.
2.2.5.IIunrc
I]uHr< - oArrH ws uavlonee pacrpocrpaHeHHblx sJIeMeHToB  ilotr3eM-
Hbrx BoAax. llogrotry ero rrrAporeoxr4Mr4rrecKrre oco6esnocrl{ u3yr{eHbl Ao-
BorbHo no4po6no 14 orrr4caHbr B MHofoqvcreHHux pa6orax [ 1,72,J4,75,
136 n Ap.]. Opeomr pacce.f,Hr{fl ur,rHKa B iloA3eMHbIX BoAax npocre)KeHbt Ha
6orrruefi qacrrr peruoHa (p"c. 2.lI).
B cra6orucrbrx (pH 6,0-6,9) rl4ApoKap6ouarso-cynsQarHblx BoAax
urrHK HaxoAr4rc.fl rrpeuMyrqecrBeHHo B BHAe KarHoHoB ZnHCOI vr sefi-
TparbHbrx cyrscparHbrx KoMrrreKcoB ZnSO!. HesHaql4rerbHoe Korl4qecrBo
3reMeHTa rrpr4cyrcrByer B Br4Ae Zn2*. B ureror{Hblx rl4trpoKap6ouaruo-
Harpr4eBbrx BoAax (pH 8,0-9,,2) Mufpaur4fl 3rreMeHra ocytuecrBr-tlercfl B BnAe
KoMrrreK cos: ZnCO!,Zn1HO). ,ZnHCOi .
B BbrcoKoMvrneparu3oBaHHbrx BoAax 14 paccorax xropl4lHo-
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TIHHKa OrrpeAerflerc-f, HaJrr,lqlrel4 crreAyroulr4x KoMfIreKcoB: ZnCl-, ZnCl',),
ZnCl., ZnCtl , a raKlKe ZnBr* u ZnF t75].B HefrrparIbHblx BoAax (pH 6,9-
7,6) rvgpoxap6oHaTHoro cocraBa, 3JIeMeHT MlrrpupyeT B BI4Ae Zn'-, ZnCO'l
u ZzHCO; [36]. Co4epNaH:ae uuHKa B opeorbHbrx BoAax pyAHbIX Mecro-
poxqeHr{fi xone6rlerct B IxpIpoKHX ilpeAeJlax (ra6r. 2.13).
Ta6rruua 2.13
Co4epNaHr{e rII4HKa B rIoA3eMHbIX BoAax HeKoropblx
f r4Ap orepMaJIbHbIX Me cTop oxAestlfi
B no4:eMHbrx Bolax reppr4Topw vacrreAoBaHnfr uIaHx Bcrpeqaercfl B
59 % npo6. OoHoetre coAeplKravrfl rIr4HKa lrq 6orbrlrpIHcrBa BoAoHocHbIX
ropr43oHToB 14 KoMrrreKcoB cocraBrlf,ror 0,02-0,03 uri:r (ra6r. 2.14).
MaxcnuarbHbre corepxaHr4fl 3reMeHra (10-25 mr/n) o6uapyNeHbl B
iloA3eMHbrx Botrax Hr.rxHerrepMcKr{x coJreHocHbrx ouoxeurlfr, Ha ceBepo-
Bocror{HoM Kpbrrre Aprerroscxofi aHTr4KJrr,rHal.w. KoHrpacrHble opeorrl UI,IH-
Ka Bbrf,BreHbr B 3oHax Mraxafiroecxo-IopbeBcKoro ( 1 ,403,5 nar/n) u lOx<so-
touerlxoro (lo 3,0 nlr/:r) pasnovroe, Moue6rlroecxofr (0,5 -2,0 wrir ), Kpac-
HoocKo"lrlcrcofi (0,3-0,8 vrr/l)' lpoHoncxofi (0.12-0,5 ur/n) 14 Apyrvrx Ky-
frorrbHbrx crpyKryp (pnc. 2.ll).
B opeorbHbrx BoAax CraeqHcKoro pryrHo-ilorrrMerarrlt{qecKoro u Be-
rqeBcKoro rroJTr4Merarrr4r{ecKoro MecropoNAeHufi coAepxaHt'Iq uI4HKa or-
HocurerbHo HeBbrcoKue 14 cocraBr-flror coorBercrBeHHo 0,1-1 ,2 vrlrr n 0,4-
1,6 ur/.n. B noAax pryrHbrx MecropoNAeunfi fraeHofr aHTI,IKrpIHaIrr4 cotrep-
x(aHlre unHKa He ilpeBbr[raer 0,25 nrrh, a B ilpeAerax pryrHoro Mecropox-
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Ao 0,03-0,08 Mr/n (necnaorpfl Ha npr4cyrcrBr4e B pyAoHocHbrx nopoAax c$a-
nepura). 3ro, no-BI4ApIMoMy, o6rscssercfl :narrzrrrvenr ceo6otrHoro cepoBo-
AopoAa, xoroprrfi flBJIflero fl ocalkrrerreM UHHKa r43 notr3eMHbrx BoI B Br4re
rpyAHop acrB opr{Mbrx cynr S r.r4oe.
O6pason anvre KoHTpacrHbIX opeoroB rIr4HKa B rror3eMHbrx BoAax pa3-
rI4r{HbIX TI4rIoB pyAHbIX MecropoxAeuuil r.r 3oH perr4oHarrbHbrx ry6uuutrx
pa3roMoB, c KoropbIMI4 CBq3aHa fr4AporepMarbHaq Mr4Heparv3arJvrf B nopo-
AZX, BbICOKat IOABH){HOCTb 3JTeMeHTa B pa3II4r{HbIX SraSzxO-Xr4MurreCKaX
ycJIoBI'Iflx BoAHofi cpe4tr, rIo3BoJIflIor paccMarpr4Barb Ur4HK B KaqecrBe Ha-
Ie)KHoro vrHLuKaropa cyJlt$ra4Horo, v, B nepByro oqepelb, rrorrr4Merarrr4-
r{ecKofo opyAeHeHprfl.
2.2,6. Msrrusqrc
MrtursqK AoBorIbHo rrotrBr4)KeH B rror3eMHbrx BoAax. Os naurpr4pyer
KaK B Sopue KorJroI4IoB, TaK kr B Bu4e pacrBopr4Mbrx KoMrrrreKcHbrx coeAu-
Hennfi. flocreAHvre kltrparor nausoJree Ba)KHyro porrb B Mr4rparlr4r4 3JleMeHra
14 ilpeAcraBreHbl, rraBHrrlt odpasoM, KoMnJIeKcHbrMI4 aHr,IoHaMr{ Mbrrub.qKo-
eofr (H jAsO) vr MbrrrrbnKoeucrofi (H jAsO) xucror - H2AsO ,, H2Aso . ,
Aso)- , H jAso\ 143, 45 , 60, 179, 739 , 1471, a raKx{e rarrrror4trHbrMrr
Me(AsIt), Mez (AsF), Me (AsCl), Me (As ct) r4 HeKoropbrMrr ApyrHMr4
KoMIIreKcauz [86, 1231. B yrreKr.IcJ]brx BoAax Mr4rparlr4fl MbrrrrbrKa Moxer
ocyulecrBrflrbc.fl s ra3oo6pasuofi Qopnle Il1].
Iyurue Bcero MbrrrrbflK Mrrrpr4pyer B ilreror{Hbrx rr4ApoKap6onarHo-
(xlopla4uo)-Harpl4eBblx v xropuAHo-HarpueBbrx BoAax. B Hr.rx Mr4rpar\r4fl
Mbllilb.f,Ka rrpoltcxoAl4T B BI4Ae JrefKOpaCTBOpr4Mbrx KoMUreKcHbrx coeAr4He-
Ht'tir c xJropoM, $ropou ra 6ponaotr. B paccorax BbrrrJeJraqaBaHzfl rarofeH-
HbIX orroNenufi, ABI4xeHI'Ie Koropbrx r{acro ocyqecTBr.sercfl B ycJroBr4qx
coJlflHoro Kapcra, Bo3Mox{Ha Mr4rparlr4fl MbrrrrbflKa B oluofi r43 Haz6oree
rroABr{xHbrx B ycJroBr4rx fr4nepfeHe3a oopr - Korrror4AHofi.
feorzntur{ecKl4Ml4 SaprepaMl,r, cfroco6crnyrcrur{Mr4 orpaHr4r{eHr4}o Mr4-
rpaIII4I4 MbIIIrbflKa B oKncrrrreJrbHofi o6craHoBKe 3oHbr rr4nepreHe3a, flBrlfl-
rorc.f, rIoJIo)KVTeJIbHO 3ap-fl)I(eHHble KOJTTOI4IbI ilOqB, |I4ApOOXIICJIbI Xere3a r{
opraHurlecKl,Ie coeAI4HeHufl. B ycloeLrrx rvtroreHe3a ocHoBHbrM ocaArrreJTeM
3rIeMeHTa flBrfleTc.q cepoBoAopoA, rrpa B3auuo4eftcrBr4vr c KoropbrM Mbrrub-
xx o6pasyer rpyAHopacrBoprrMbre coeAr4He uun (ayplrnarueur).
B noA3eMHbIX BoAax loro-BocrorrHofi \acru fiHenponcxo-loHerlKoro
aBrlaKoreHa MbIIIIb,f,x o6Hapy)KeH e 60 oA npo6. Ero $oHoBbre coAepxaHvrfl B
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C o4epx aHr4e Mbrrrrb-f, Ka B rroA3eMHbrx
Ta6naua 2.16
BoAax pyAHbIX MecropoNAesrafi
MrtumqK qacro npr4cyrcrByer B opeorbHbrx BoAax pa3nr4r{Hbrx Mecro-
po)KAeHI4fi, e xotopbrx oH reHerr4rrecKr4 cB.s3aH c ocHoBHbrMrr pyAHbrMr4 3re-
MeHraMr.r ( a6:r. 2.16).
MarcnuarbHbre coAep)KaHr4.rr MbrrrrbflKa - Ao 0,1 nr/n ycraHoBreHbr B
BoAax 3oHbI IONHo-loHeuKoro pa3noMa u fponoscKofi 6paxuauruKJrr.rHa-
nu. B opeonbHbrx Bolax pryrHbrx Mecropox{AeHrafi nasHofi asrvrtrrunarrLl
KoHlleHTpar1.rrkr 3JreMeHra Aocrr.rraror 0,02-0,05 nrr/:r, a B npeAeJrax CraeqFr-
cKofo pTyTHo-frorrrMeTaIIJIr4rrecKofo pyAonpoflBreHr4q oHr4 cocTaBrflror
0,004-0,01 nar/n. Auonrarr4r4 Mbrrrrb.f,Ka c$opnrapoBarr4cb B 3oHax Ceeepo-
f oHeur<oro (eo 0,0I2 nrir), Arn4asHoro (0,0 1 nrrir), MyurreroBcKo-
flepcraauoBcKoro (0,015-0,02 nm/n), KpueopoNcxo-lIaBroBcKoro (0,02
nr/:r) pa3noMoB, B rroA3eMHbrx BoAax Ceqroropcrofi (0,01-0,02 nrr/r), ce-
BepHoro Kpbrra Me.{e6uroecrofi (ao 0'06 nr/n), KpacronaBJroBcKofi (0,01-
0,03 ur/r), Eerqeecxofi (0,015-0,02 nrr/n), Kopy:ncxofr (0,015-0,025 ur/r)
KyrIoJIbHbIX crpyKryp, a rarcKe B rrpeAerax Haromuo-TapacoBcxofi (0,005-
0,01 nar/n)', KornaroscKo-3ar\aqaroBcKofi(0,015 rur/r), 3yencr<ofi (0,07-0,02
ur/r) aHTuKrll4uatefi. B So.nrrur4HcrBe cryqaeB rr4Aporeoxr4Mr4qecKr{e aHo-
MaIrLrr4 Mbllrrb-sKa coBrraAaror c yrracrK aMu rur4porepMamsofi Mr4Heparvga-
rJkrpr B nopoAax (prac. 2.I2).
Mururqx orHocr4Tc-fl K oAHr4M 143 gaxuefrurrx frrqporeoxllMt{rIecKax











0,4-4,0 6,9-7,6 0.002-0.004 0,006-0,2 f.A. forena,
1977
fI o,T u Na er autvge cxwia
(Pylurifi Anrafr)
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Prym cra6o Mrarpr4pyer B rroA3eMHbrx BoAax. llepeHoc ee ocyulecrB-
rflerc-fi, B ocHoBHoM, B u{eroqHbrx pacrBopax, c KoropbrMr4 cBr3aHo Sopnrra-
poBaHHe 6orsruuHcTBa pryrHbrx Mecropox4eurafi Halu,aue B [otr3eMHbrx
Botrax r4oHoB HCO;, CO:- , lr{a-, OH- o6ecneqprBaer noAAepx(alepre ueroq-
HOCTI4 paCTBOpa U COXpaHeHr4e [OABr4X{HOCTr4 B HeM pryrr4, nefKopacrBopr4-
MbIe KoMrrJIeKcbI Koropoft oSpa3yrorcq 3a crrer B3arrMotrei4crsws c SOi-, Cl ,
Br-, F-, I- ra OH-. llpacyrcrBl4e cepoBoAopoAa o6rrquo o6yc:ranrneaer o6-
pa3oBaHl4e crrrbHoro reoxr4Mr4qecKoro 6aprepa, HZ KoropoM rrpoucxoAr4T
BbrfraAeHr4e sxeMeHTa r43 pacTBopa.
floeeleuruo pryrr4 B nor3eMHbrx Botrax nocBqrueHrr pa6orbr MHoro-
r{HcreHHbrx r{ccJreloBarerefr [7], 72, 73, 7 5, 136, I5l, 202, 327, 360 u Ap.].
flo zx odrqeuy MHeHr4ro, B Kr{crbrx 14 c:ra6oxucrbrx BoAax (pH 4,0-6,5) wu-
fpaul4.fl 3IeMeHTa npoI4CXOIrrT B Br4Ae OfpaHHr{eHHOfO rlkr9rlla KOMrrJreKCHbrX
coeAl{He:uuir - HgCU, HgS2I{, Hg(HS) 14 He orrrqaerc-fl rrHreHcprBHocrbro.
C noestrueHl4eM rlexoqHocrn (ro pn 7 ,4-7 ,6) B BoAax rroflB:lflrorcfl pa3Ho-
oSpa:Hue rarror4AHbre - HgCl\, HgCl; , HgCll 
-, HJ* , HSF\, HgBr*, rr4Apo-
Kcr{rrbHbre - Hg(OH)-, Hg(OH)!, rzocylr@aruue - Hg(HS);, HgSl',HgS2H,
HzHg! u.qpyrne KoMrIrIeKcbI. B nv4e rrpocroro Karr4oHa - Hg'- pryrb rrepe-
Ho crrrc.fl , rro -B r4Ar{Mo My, Jrrrrub e ra3 o o 6p a3HoM c o cro_f, Hr4r4.
Asouarur4 pryTl4 B lroA3eMHbrx BoAax Bocror{H oi4 qacru lHenponcKo-
loneqxoro aBJIaKoreHa oTruqarcrcq He6orbrrrr4Mr4 pa3Mepauu. Osu qerKo
rpaccupyror 3oHbI aKTr{BI43r4poBaHHbrx pa3roMoB. llpocrpaHcrBeHHoe no-
ro)KeHue rrrAporeoxl4MrarrecKr4x aHoMaJrlrfr olenreHTa B SolrurzHcrBe cryqa-
eB onpeleJr.qercfl luarv,ul4eM orraroB pa3fpy3Kr4 BoA rrry6ororo QopuzpoBa-
Hzlfl, o6oraUeHHbIX 3HAoreHHbrMr4 Qnrora4aMl,r, B cocraBe Koropbrx npr4cyr-
crByer 14 pryrb lI79l.
Oouoerle coAep)KaHprfl, 3reMeHTa B BoAoHocHbrx ropr43oHTax 14 KoM-
rlreKcax perl4oHa cocraBJr.qror 0,001-0,,002 nrr/r (ra6.n. 2.\7). B uraxrHbrx
BoAax loro-BocroqHofi rlacrl4 lou6acca cpeAHr4e KoHueHTpar{r4r4 pryru Ko-
re6lrorcfl  or 1'10-6 i lo2'10s [90] , dB BbrcoKoMtrleparrkrcoBaHHbrx BoAax a
paccorax neptrcxofi raloressofi Qopuaqun or - 1 ' 10 6 Ao 2,2.10-4 rlt
u241.
Marcunta.,TbHble co4epx{aHl4fl pryru ycraHoBreHbr B opeorbHbrx Bogax
HuxlrroecKoro (0,02-0,05 nrr/n), lpyNroscxo-KoHcraHrr{HoBcKoro (0,0 1 -
0,05 iur/r), Crae.flHcKoro (0,01-0,03 ur/r) kr Harorruo-TapacoBcKoro
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IIOTHbIC 3HAIICHZq KOHUCHTPAU]/]d 3JICMCHTA B NOA3CMHbIX BOAAX APYfI4X
pryrHbrx Mecropo)K.ueHr4fr (ra6l. 2. 1 8).
Bsrcoxr.re KoHueHrpaur4tr pryrr4 o6HapyNeHbl B IIoA3eMHsIX BoAax Ky-
rrorbHbrx crpyKTyp, ilpor-f,rr4BarouIHXc.f, BAoiIb I]eHrpanrHo-loneuKoro
pa3roMa: Hoeorpouqxofi (0,008-0,03 nrr/n), Kopynrcrofi (0,003-0,02 w:'rll t'),
Hono4nrurpoecxofi (0,003-0,005 ur/r), Kauttrueeaxcxofi (0,002-0,008
nrrir), Bepexcxofi (0,005-0,,01 ur/n). B goue llerponcxo-KpenteHcKoro pa3-
JroMa aHoMaJrbHbre coAepxaHn.fl pryrr4 Bbr-sBJreHbI B BoAax lpouoscxofr au-
ruKrwHarrkr (0,002-0,005 urir),, a raKx{e Meqe6nroBcKoro (0,003-0,006
ur/r), KpacrouaBrroBcKoro (0,002-0,016 vrr/n) vr Oxrx6prcKoro (0,003
nar/r) KyrroJroB. BrrcorcoKoHTpacrHbre opeorlbl 3JreMeHTa ycraHoBrleHbl B
rroA3eMHbrx BoAax KpacuoocxorbcKoro (0,003-0,007 ur/r), IogoeeHbKoB-
cKoro (0,003-0,017 tr/r), [Lle6eruHcKoro (0,005-0,01nrr/n) KyrIorIoB, B 30-
uax MyruKeroBcxo-llepcrraHoBcKoro (.qo 0,01 ur/n) u IONUo-AoneuKoro
(0,01-0,03 nrr/n) rly6uuubrx pa3rroMoB, Ha llepnontaficxofi (0,003-0,01 ur/r)
ra r{epnyxrancxofi (0,003-0,004 rur/n) aHrHKJrHHaJrrx 14 B ilpeleJrax ueroro
Psaa Apyfr4x crpyKryp.
TaSruua 2.18
Co4epxaHlae pryrl4 B IIoA3eMHsIX BoAax HeKoropblx pryrHblx
MecropoxAeHufi
Pryrs B [or3eMHbrx BoAax flBIrfl.eres. ocHoBHbIM ItHAHKaropoM ruApo-
TepMarrbHofo v, B rracrHocrH, pryrHofo opyAeHeHHfl B nopoAax, BaxHbIM
[oKa3arereM He$rerasoHocHoc-rr4 rr rrpr43HaKoM HeoreKToHurrecxofi aKTlaBLT-





pH ColepNawun, ttlr I/cro,l:g^uK cBe-
r,o::rx:it
A L  r r r r r r0ouoerre AHOMAJIbHbIE
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2.2.8. MeAs
B rroA3eMHbrx BoAax MeAb o6rr.{uo rpl4cyrcrByer B AByxBalesrsofr
Qopnre, xorf, r.r3BecrHbr raKxe coeAr{HeHzr Lr oAHoBanenruofi MeAIr [149].
Hall6oree r{HTeHcHBHo oHa Mrrrpr,rpyer B 3oHe oKI4cJIeHur cyntSrrAHbIX Me-
cropoxq eumfr B BLrAe rroro)KrrrerrbHbrx (Crt*, Cr*) u nefirparbHblx (CuSO'r)
HoHoe. B ureroqHbrx ruAporcap6orlarHo-(rropraeHo)-Harpt4eBbtx H xJopn.4-
HO-HaTpr4eBbrx BoAax 14 pacconax Mr.rfparJkrfl 3JreMeHTa ocyuecTBJl-s-eTcfl KaK
B Br.rAe HeopraHl4r{ecKux - CuSO\, Cu(CO)'r-, CuSO\, Cu(OH)-, CuCl'|,
CuF\ y Ap. ll5, 86, 1491, raK H B Br4Ae MHororrucJreHHbIX opraHlrqecKl4x
KoMrreKcHbIX coeArrHenrafi [ 1 191.
B nolseMHbrx BoAax perrroHa MeAb Bcrpeqaerc-s cpaBHI4TeJIbHo peAxo
(n 42% npo6). @oHosue cotrepxanvrfl ee p.rrfl, 6o:nunHcrBa BoAoHocHbIX
ropu3oHroB pr KoMrrJreKcoB cocraBirflIor 0,002 ur/n (ra6n. 2.19). MeAt o6pa-
3yer ue6olsurr4e, r{acro HeqerKr4e rr4Aporeoxr{Ml4r{ecKl4e op onbl ueebtcoxofi
KoHTpacrHocrrr. 3ro o6s.f,cHflerc-q, c oAHofr cropoHrl, He3Har{r{Tetlbuofi 6o-
fauleHHocTbro BMeularoil{ux ilopoA MeAI{CTbIMI4 Mr'IHepaIaMI4, z c lpyrofr -
orcyrcrBr4eM .rrpKo esrpaxeuuofi oKr4cJu{Tersnofi o6craHoBKI,I B rlpeAeJlax
yr{acrKoB MeAHofi uuHep anu3a\Lrv p\a].
Maxcprl,rarbHbre KoHUeHTpal1z:a MeAI4 orMer{eHbl B opeoilbHblx Bolax
pyAonpo ssteur4fi MeAr4crbrx ilecqaHuKoB Baxvryrcxofr nouoBt{Hbl (lo 0,1-
0,2 rur/n). A B noA3eMHbIX BoAax HnxuroscKoro, f,pyNr<oscKo-KoH-
craHTr4HoBcKoro, ClanxHcKofo Lr EerqeBcKoro pyAHbIX norefr oHI4 Aocrl4-
raror coorBercrBeHHo: 0,005-0,01 5 nrr/r; 0,005-0,01 ur/r; 0,01 -0,02 lr.r l t  vr
0,0 1 -0,0 4 wrln Brrcoxue coAeplx aHvrfl MeAr4 ycraHoBJIeHbI e Fle6orblrlux ilo
pa3MepaM rr{Aporeoxr,rMr4rrecKr4x opeorax Ha lpoHoecxofi (.qo 0,2 ttr/:r),
faepnroecxofi (eo 0,3 ur/r), KpacroocKorlbcKofi (0,01-0,04 nr/n), MeAee-
Aoecxofi (ro 0,02 n,m/n) v tp>/rzrx KyiloJrbHbIX crpyKrypax, a raKxe B rpeAe-
rax ApreMoBcKofi (0,0 1 -0,05 nr/n), KornaroecKo-3aN,IqaroBcKofi (0,0 1 -0,04
nrr/rr), HarolrHo-Tapacoecxofr (fo 0,07 ur/n) kr Oueperuucxofi (Ao 0,2
ur/r) a+rr4trvuateit (puc. 2.13).
MeIr Mo)Ker paccMarpr4Barbc.fl B KarrecrBe rlptMoro I4HAI4Karopa Ha
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(ceLrHeII, 6apuil, crpoHuufi , uapraH elr, rcobarsr,
HtrKertr,, TIITaH, nrOludleH, Cepe6pO, CypbMar turuit, py6uaufi)
3ru nlulcpo3rreMeHTbr o6rr.{Ho Bcrpeqarorcq B noA3eMHbIX BoAax Boc-
ro.{Hofi r{acru luenponcxo-loHerlKoro aBraKoreHa B ue6orlurllx Korutle-
crBax. 3a pe4xr4M r4cKJrlorreHueM oHlr He o6pasyror pI 3HaqI,ITerIbHbIX cKorl-
resufi B ropHbrx ilopoAax. fra4poreoxrrMt{fl vrx u3yqeHa HeAocraroqHo v
rpe6yer AorronHr4TerrbHbrx r4ccireAosanvria. OcuoeHble 3aKoHoMepHocrlr pac-
npeAejreHnr yKa3aHHbrx Mr4KpO3ireMeHTOB ITOA3eMHbIX BOAaX TeppI4TOpI4I4
rrccxeAosaHnir rpIrBeAeHbI B ra6n. 2.20.
EorturuHcrBo Lrx BoAHbrx opeoJroB pacceflHttfl Hocur KoMlrJleKcurtff
xapaKrep (puc. 2.I4). B Hexoropbrx r.r3 Hlrx Korl4qecrBo KoMrIoHeHroB, co-
Aepx{auvxcfl B aHoMaIrbHo-rroBbrrrreHHbIX KOHUeHTpaUI4flX, AOCTI4faeT
10-13. flpn 3ToM Hau6omuee Korr,rqecrBo 3JIeMeHToB aHoMar^vrflx:a$ux-
cr4poBaHo B BoAax aHTr.rKrr4HarrbHbrx cTpyKryp, KoHTporl4pylolIll4xc-fl pa3Jlo-
MaMr4 rry6uHuoro 3aroxeHr4fl. Cauue KpyIIHbIe v KoHTpacrHbIe opeorlbl
pacceflHr4q BbrflBJreHbr B noA3eMHbrx BoAax TeKToHI{r{ecKu aKTI4BI43I4pOBaH-
Hbrx rr4Ap orepMaJrbHbrx cprcreM f ras Hofi , trpyNxoe cxo -Ko HcraHTnuoe cxo fr ,
CraeqHcxofr auu4Krr4HaJrefi, :oH IOxHo-[oHeIIKoro H Ceeepo-/{oueuKoro
pa3roMoB, a raK)Ke KyrroJrbHbrx crpyKTyp 3anaAuo-Noueur<oro rpa6eua u
AAB.
floeeolf r{Tor onvreaHvtro reoxr4Mr{r{ecKl4x oco6eunocrefi IIoA3eMHIIX
BoA perr.{oHa, cJreAyer orMerr4Tb BaxHyro poJlb reKToHr{KI4 B $opnanpoBaHl,Iu
rr4Aporeoxr.rMr.rqecxofi 3oHarrbHocrpl n fHenponcxo-foHellKoM aBraKofeHe.
llpuuenr cxeMbr ee SopnnnpoBaHrtfl B Me3osoficxnx 14 ilaJreogoffcxux crpyK-
rypax rrMeror cyrqecrBeHHbre orrkrrrrt4 o6ycroBrleHHble cneqn$uxofi vrx
TeKToHI4r{ecKoro pa3BrTvrfl. CocrasreHHbIe IIo3reMeHTHble rI4Aporeo-
xHMtrqecKlre KapTbr fro3Bolrvrvr ycTaHoBI,ITb, qTO BoAHbIe Opeoirbl pacceflHvfl
3aKoHoMepHo pacnoxararorcfl BAorb 3oH AoJlro)KtrByurl4x pa3roMoB. Hav6o-
ree KoHTpacrHbre pr MHoroKoMrroHeHTHbIe 43 HI4x Soprnrupylorcfl B TeKToHI{-
rrecKr,rx y3Jrax, fipeAcraBJrfirorrlr4r co6ofi orHocl4TerbHo orKpblTble AJrfl TeII-
roMacconepeHoc at, yqac'tKu 3eMHofi r<op;t. llpz 3ToM rl'IAporeoxl4Ml{rrecKfie
opeorbr pacceflHufl. :na1, rry6orco3anerarorunM opyAeHeHI4eM o6pasyrorc.f, He
TOITbKO B BOAaX rrpoAyKTr,rBHbrx Tolrq, Ho I{ B BbIIIIeIeXaUIUX OTJlO)I(eHI4flX,
H C3 ABI{CI4MO OT III4TO JIO| I4IIC CKOf O C O CTAB A B OAOBMCIIIArcilIHX IIOP OA.
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T a6wrua 2.20
C olepN aHr4fl cB I{HUa, 6apux, crpoHql4-fl , Map raH{?, ro6 amra, HuKerI fl , Tprr a'
Ha, MoJrr46Aeua, cepe6pa, cypbMb\ rrvrrrrfl, py6vtgux B noA3eMIrbIX BoAax
pa3rI,IrrHbIX CTpyKTyp pefl4oHa
S,remeHr Crpyr<rypsr (pyaurte no:ra) Co4epNaHux,
rrrin
I 2 aJ
Pb CrassHcxoe pryrHo-IroJll4Merarrl4r{ecKoe pyAonpof, BneHr{e
E e:rqe ecxo e no Jll4Merarrrlq e cKo e MecropoxAeHr{e
3 o s rr IO N u o - f o H e uKo ro, Mwxaiuto s c xo -IO p b e B c Ko ro,
Myurr<eroncno-llepcl{aHoBcKoro, IJeurpa,rrHo-[oHeIrKoro
pa3noMoB
f op,r o n c x an, ;py xx o e c x o - K o H c r aHr 14 H o B c Kas, llep e o -
uafrcxax, Haromso-TapaconcKat aHTH KIraHaIrr\ Kopylr-
cKaq, llerponcrar, BepexcKat, Topcro-fpo6lnueecKat,
C nrrorop cKafl., Crenxoecxaa, KpacHoocKoJIbcKaq, E0pe-












fpo6rrureBcKaq, Kopy:ncxar, MeueSI4JroBcKat, f oly6 on-
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28,0
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Mn 3osrr KpnnopoNcxo-llaeJloBcKoro, IOxno-loHeIIKoro I4
Myurxero n cxo-llep c Ir aHo Bc Koro p a3noMoB
Kopy,rrcxar, MeueS[roBcKaq, Eepexcxar, Topcxo-
np o 6 rrureBcKa-f, aHTITKJT I4HaJI bHbI e crpyKTypbl
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HrlKuroscKoe 14 Haronruo-TapacoecKoe pyAHbIe ror.s
Arp ev o n cKafl, aHTLIKJIHHaJIb
Artrepocuencrnfi Kynon







3onrr IONno-/{oHeIIKoro, Ceeepo-/[oueqroro, Myumeroe-
cxo-llepcHaHoBcKoro rz Kpranopo)KcKo-llaeroecxoro pa3-
.]loMoB
l o  8 ,0
o) - t  4
Mo Cerroropcxufr Kynon
Py4onpot BreHuq MeAr{crbIX rrecqaHl4Ko e E axruyrc ro fi
KOTJIOBI4HbI
Kopynrcr< wit u Kp ac Ho oc KoJr.t'cxwit Kyn ona





Ag 3o:roro-no,rIHMeraJ'IrhrrecKI{e pyAortpofl B,rIeHH.f, Harolrgo-
fo nprxa
Mupo:uo6oecxa.a, CraequcKar, Jlo:oneHbKoBcKax, Beper-
cKafl, Meqe6znoBcKaq, KpacuouaBJIoBcKaf, ,,[poHoncxax,





Sb Hu xuroecKoe, Haro.nr,Ho-TapacoecKoe, lpyxxoecro-
KoncraHuHoBcKoe pyAHble Ilort





Li B oAsr r:ry6 oxo ro S opnr up oBalur4r, pa3rpyx arcull4 ect ro
3oHaM: IONno-[oHeIIKoro pa3noMa (rny6. 628 Hl)
Kprzeopoxcro-flaerloBcKoro pa3noMa (rly6. I 3 00 rr.l)
f r ae H aq rz fpyxrc o ecKo -KoH craHTI4H oBcKa.s aHTLrKIIr4:r'anH )
Cnueaxoecxltfr , Borseuxoecxnfi, Kpacnoocxolrcrzfr xy-
|IOJIA
3on sr Myruxeroncxo-llepcuaHoBcKoro, C enepo-
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TEHETT4IIECKI4E TI4IIBI TI4TPOTEOXI4MT4I{ECKMX AHOI,IAIIMIZ M
YCJIOB'{,EI MX €OPMT4POBAHI4'I
fu4poreoxnMr4qecKafl aHoMaJrr.rfl 3To yr{acroK pac[pocrpaHeHl4fl
noA3eMHbrx BoA, B rrpeAeJrax Koroporo HX cocraB rlo KaKl{u-ln6o [oKa3are-
IflM OTIUqACTCfi OT XI,IMHIICCKO|O COCTABA IIOA3CMHbIX BOA PCfI{OHAIIbHO|O
QoHa. B ouuque or BoAHoro opeona pacce-flHvtx, olpasyrculerocfl. 3a cqer
BbrHoca xr4Mur{ecKrrx SreMeHToB vr coeAauenufr npl4poAHunlu BoAaMI4 r43
YIIACTKOB I4X HAKOTTTIEIJPTfl, i OH-flTIIC AHOMAJIIII4 |OPA3AO IIII4PC, IIOCKOJIbKY
ilocJreAH-s-fl Mox{er SopuzpoBarbcfl B pe3yJlbrare mo6rtx npeo6pasosaHlafi e
seNanofr Kope.
B rr4AporeoxuMr4r{ecKr4x trccJreAoBaHvrflx ilpl4Hql4rluarbHoe 3Har{eHI4e
lrMeer oilpeAereHr4e reHe3r{ca aHoMarvft, v:ro rlo3BoJl-fler rlpaBrrrlbHo I4HTep-
nperr4poBarb rronyqaeMbre pe3yJrbrarbr. CyruecrByrouue rcraccuSkrKa\r4rr
rrrAporeoxuMr4rrecKr4x aHoMarr4fr, 134, 72, IJ6, \92,291] ornrauarorc.fl pa3-
rr4r{HbrMr4 rroAxoAaMr4 K perrreHuro srofi upo6leuu. Tax, A. Mauourax
(I977) rroApa3AeJr-f,er rrrAporeoxr4Mr,rqecKl4e aHoMaJI?Ikr Ha aHrponoreHHble I{
npr4poAHble? BbrAetrg.fl, cpeAr4 IIocIeAHI4x ClIHfeHeTI4t{Hbre u 3nI4feHeTI4r{HbIe.
Kraccu$vKar\r4fl. C. EpyctrroBcKoro (1979) ocHoBaHa Ha crarl4rlecKoM xa-
paKrepe ecrecrBeHHbrx rpaHr4u Me)KAy o6oco6neHHbIMH rlo reHe3vcy v xv-
Mr4qecKoMy cocraBy rpyrrraMp{ noA3eMHbIX BoA. A rlaccraQuxauuq f. fore-
nofi (1968), nporrHo yrBepAr{Brrraflcfl B rror4cKosofr rI4AporeoxI{MpII4, oIIpeAe-
rqerc{ pa3AexeHrreM rr4Apofeoxr4Mr4rrecKl,Ix aHoMaJII4fi no [poAyKTI,IBHocrI{
Ha pyAHbre H Sespylnrre. Teu He MeHee, cyuecrByroque Kraccl4$I,rraurau
He Aaror r{erKr4x orBeroB Ha MHorr{e Boflpocbl, cBfl3aHHble c cpoprunpoBaHrl-
eM fr4AporeoxlrMr4r{ecKprx aHoMaJrilfi. Cpegvt Hr{x - HallpaBreHHocrb Qzsraxo-
XI4MI4I{CCKI4X NPOUCCCOB, I4CTOIIHI4KI4 IIOCTYIIJ]CHI4fl B |PIAPOCOCPY XIIMI'IqC-
cKHX 3rIeMeHToB Ir coeAr4Heuvtrt, Kar{ecrBenHafl, I4 Korl4rrecrBeHHa-fl xapaKTe-
pHcTr,rKr4 aHoMaJlbHocrrr IIOA3eMHbIX BOA I4 MHOfI4e Apyfl{e.
3.1. Mole,ru QopMrrpoBatl'lafl rugporeoxuMrrqecKux aHomarnfr
VIcxoils rr3 Toro, qro ilpo6:renra reHerr,rqecxofi xraccuQvrKarJurr rt4Apo-
reoxrrMr.rqecKr4x aHoMaJrrrfi ceoAuTcr He croJrbKo K oilpeAereHlto reHe3uca
BoA (rausuntrpaunoHHbre:, cerrrMeHTarlr4oHHbre, MeraMopSoreHuste, roBe-
HlrJrbHble r{ Apyrue), cKoJrbKo K Bbr-f,BrreHr{}o Bo3Mox{HbIX I,Icror{HI4KoB Tex
KOMIOHeHTOB:, HaII4rII4e KOTOpbTX olIpeAeIlfleT I4x aHoMarbHocrb, aBTopoM
110
Sura paspa6oraHa reoperuqecKa-q MoAenb SopuupoBaHlr-fl rllAporeoxlrMl4-
qecKr4x aHoMaJrr,rfr, xoropa-fl Hailura rIoATBepxAeHI4e B ycroBl4-fix reKToHI4r{e-
cKr4 aKTHBrr3r4poBaHHbrx cKnaAr{arbrx perl4oHoB - [oueuKoro uporra6a vr
AAB. OcHoeHrre ee iloro)KeHlrfl, BrrepBble oily6rnxoeaHHble e 1985-1986rr.
1179, 2911, Bo MHoroM orJrr4r{a}orc-s or r43BecrHbIX, ilocKoJlbKy B KarrecrBe
rJraBHoro Saxropa o6pa:oBaHr4fl aHoMarr.Ifi s uoA3eMHbIX BoAax npuHI'IMa-
erc-f, Ha[paBreHHocrb Su:ur<o-xr,rMuqecKl4x flpoqeccoB. Cyrs ee 3aKrroqa-
erc-fl B cJreAyrouleM.
fra4poreoxuMr4r{ecKrre aHoMaJrr4H rlo cBoeMy reHe3r{cy Moryr 6rtrr ec-
TecrBeHHbrMr4, o6pason aHvre Koropbrx BbI3BaHo HapyilreHr'IeM Qusuxo-
xl{Ml4rrecKofo paBHoBe cvrfl. B cl4creMe "Bo4a-[opoAa" rror BrrrtHI4eM reoJro-
fI4I{ECKI,IX ilPOUECCOB, VT I1IAKYCCTBEHHbIMI{ - CB-fl3AHHbIMI4 C AC'TCIbHOCTbIO
qeroBeKa.
EcrecreeHHbre fr4Apofeoxr,rMur{ecKr4e aHowarvrr4, Szxcnpyrctul4ect B
3oHe ceo6olHoro BoAoo6nreua, B 3aBnckrMocrrr o  rny6uHbl I4croqHrrKa o5o-
farueHnq BoA xl,rMr4rrecKr4Ml4 3rreMeHTaMI4 kr coellvrHeHuflMl4, o6pa:yrorcfl B
pe3yrbrare AByx ilporr4Bofrorox{Hbrx fro HarIpaBreHHocTI4 ilpoueccoB
ilpr4BHOCa 14 BbrHOCa Mr4HepaJrbHofo BeruecrBa rIoA3eMHbIMH BOAaMI4 l29|l.
llpranHoc Berrlecrea o6srqHo cBfl3aH e reKToHuqecxofi aKTl4Bu3allzeit
AorroxorBylur4x rly6uuHbrx pa3JroMoB, Koropa-f, corrpoBo)KAaercfl tIpoHI4K-
HOBeHrreM BOCXOAflTTIT4X TOTOKOB TeIIJIa 14 paCTBOpeHHofo B BoAe SHAOfeH-
Horo (xax KopoBoro, raK 14 MaHTr4finoro) BerlecrBa B BepxHI4e ropl43oHrbl
geNaHofi Kopbr (pprc. 3 1). B pe:yrbrare B rlpl4noBepxHocrsofr qalTkr rl4Apo-
reororr4r{ecKofo pa3pe3a o6pasyrorcfl "rl4rofeHHble" ua4poreQXI4MI4r{ecKI4e
aHoMaJrrrH, rrpoTflfrrBaroulr4ec-s BAoIb pa3JIoMoB B BI4Ae fI4ApOfeoXI4MUr{e-
cKr4x 3oH. OSpasonaHtre "rtrrroreHHbrx" aHoMarl4fr e pesyrbrare pacrBope-
Hvrfl. B BoAax BepxHr4x fopr43oHToB 3HAoreHHbIX Snrora4oB rlo3Borfler pac-
cMaTpr4BaTb r4x B Kar{ecTBe nepBr4qHbrx fI4ApofeoxI4MI4rIeCKI4X OpeOIOB pac-
ceflHvfl npoAyKron rry6rauuofr reHepaquvr ll7 9 , 2911.
@opnrupoBaHr4e rr4rroreHHbrx rr4AporeoxI4MHr{ecKI{x asontarnfr B
[Henponcxo-[oueuKoM aBraKoreHe rrpoucxoAuT TJIaBHbIM o6pasonl B npe-
Aerax ApeBHr4x rr4AporepMarbHbrx cr4cren ra o6ycJIoBJreHo pa3rpygxofr ue-
roqHbrx (pH 7 ,6-9,2) xJropr4AHo-Harpr4eBblx, xnopl4AHo-rl4Apoxap6ouaruo-
Harpr4eBbrx n xropr4AHo-cymsarHbrx BoA, 3HAoreHHbIX Snrou4oB LI reIIJlo-
Bofo noroKa rro 3oHaM IJeurpanrHo-f,oHellKoro, IOxuo-/{oHeuKoro, Ko-
pyJrbcKo-f,poHoncKoro, Myurr<eroscxo-lIepcI4aHoBcKoro, Cenepo-[oueu-
Koro, KpvnopoNcxo-llaBJroBcKoro 14 Apyrlrx r:ry6uuuttx pa3JIoMoB. Atts
3Tr{x BoA xapaKTepHbr BbrcoKafl MrrHeparvr3arryrfl, orpr{IlarerbHble unu 6ntz-
Kr4e K HyJreBbrM 3HaqeHr,rfl Eh, aHoMarbHo rIoBbIIxeHHbIe KoHIIeHTpa\r4v
111
Mr4Kpo3JreMeHroB (Hg, B, F, Li, Rb, Cs, J 14 Ap.) 14 ra3oB (COr, CHa' N2'
NH:, H2, Ar, He u Ap.), o6pa:oaankre Koropbrx MHorLIe uccJreAoBareJILI 16,7,
gr, 92, r02, l2l ,  r42, r4B, 159, 174, 197,204,247,295, 320,368] cBq3br-
Baror c rroAKopoBbrMrr rpouecc a.'rr:a.llpeI 3ToM cpeAl4 ra3oB 3aMerHo npeo6-
raAarcr AByoKr4cb yfnepoAa, KoHueHTpaIIZI4 Koropofi e 10 n 6oree pa3 rpe-
Bbrrrraror $onontre, HepeAKo locrkrrafl 100-110 nrr/r, 14 MeraH, crIoHTaHHo
BbrAer-flrouluitct npra 6ypeHVr4 pyAoBMerrlarcrul4x nopoA B ApeBHI4x rl{Apo-
TepMarrbHbrx crrcreMax (NpyNxoecKo-KoHcraHTI4HoBcKat aHTuKrI4Harb.'
Crae-flHcxrafi xynoJr rr Ap.). B px4e cryqaeB reMileparypa pa3rpyxarotuuxcq
[or3eMHbrx BoA KaMeHHoyrorrbHbrx 14Me3o3oficKnx orJIo)K evvtitt Ha uy6nue
0 - 300 M Aocrr4raer 23-27'C 1278,2791npn $oHoBbIX 3HarreHl4sx 10-12 "C.
Taxue rrrtrporepMr4r{ecKrre aHoMarlr.lz ycraHoBJIeHbI B ilpeAerax ruAporep-
MarbHbrx cr4creM r,r ue$rera3oHocHbrx crpyKTyp, KoHrporupyloilIl4xc-t rry-
6uussrnrr4 pa3rroMaMrr: {pyNnoBcKo-KoHcraHTuHoscxofr aHTI4KrII4Haru (Ao
19'C), Cs-nroropcKoro (go 27"C), CraeqHcKoro (ao 20"C), E@pennoBcKoro
(go 23"C), lllederruHcKoro (,qo 21,5"C), Keru.{eecKoro (eo 1B'C) KyilorloR.
flo uueroulr4Mcfl AaHHbrM Ha cBoAe Cenepuofi, alnlvtt<rtrnarv rro cKBa)KI4HaM
rry6rauofi 960-1 100 M rpor{cxorr4r caMorr3rl4B cynsSarHo-rI4ApoKap-
6onarnsrx BoA, Harperbrx tro 3l"C l2ll.Ha ropn3oHre 1000 M B ilpeAerlax
,qpeBHr4x rr4AporepMarbHbrx cr{creM lnenponcr<o-{oHeuKoro aBJIaKoreHa
ua6lroAaerc-f, 3aMerHoe yBenr4r{eHlre rr4AporeorepMl,{t{ecKoro paAI4eHTa? B
pe3yJrbTaTe Lrefo TeMrrepaTypa [oA3eMHbIX BOA 3AeCb HepeAKO ilpeBblllraer
5 5 -60'C. fu4poreorepMr{r{ecKue aHoMarpru o6rrqHo rlpocrpaHcrBeHHo cov-
[aAaroT c feoTepMr,rqecKr4Mn aHoMarrvrflMll B nopoAax:, TeMflepaTypa KoTo-
pbrx Ha rryduue 1000 M Aocruraer 40-50"C npu SoHoBoM 3HaqeHI4u 25-
30"C 137, 1261. llpentrrreHr4e cpeAHr4x aHoMarIbHbIX reMrleparyp noA3eM-
Hbrx BoA HaA aHarrofrrr{HbrMr,r B rropoAax noATBepxAaeT cylqecrBylouee
npeAnoro)KeHr{e o roM, r{To r4MeHHo rry6usurre BoAbI 3oH pa3JroMoB flBIrfl-
rorc-f, ocHoBHbrtr SaxropoM KoHBeKrIr4oHHofo renrlonepeHoca e gex,{uofr Kope
137 ,68,192,3431.
fu4poreoxuMur{ecKr4e aHoMarr,rr4, Soprrnapy}oull4ecfl 3a cqer BbIHoca
Mr4HepaJrbHoro BeurecrBa Kr4cropoAcoAepx(atul,IMu uHQnltrpauI4oHHbIMI{
BoAaMr4 flBr-flrorcx "runepreHHbrMr4" z o6pa:yrorc.s npl4 3aJreraHlr,Lr fopHbIX
[opoA,, coAepx(aru[x pa3rurrHbre BUAbI MI4HepaII43AWV B 3OHe A3pawr4
(puc. 3 1). O6pasonaHvre ux cB-f,3aHo c 3K3oreHHbIMI4 rlpoueccaMl,I BbIBerpI4-
Batr4fl, eaxuefruree ycrroBlre Koroporo - pacrBopeHue MHHepaJIoB rIoA3eM-
HbrMr4 Lr rToBepxHocTHbrMr4 BoAaMr4 c rrocxeAyroull4M rIocryrIIeHI'IeM rlpo-
AyKTOB paCTBOpeHU-fl B BOAOHOCHbTe fOpI43OHTbI 14 KOMTIJTeKCbI 3OHbI CBO-
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TunuqHtre "runepfeHHbre" rr4Aporeoxl4Ml4r{ecKue anolr^alrvr4 o6pasy-
toTcfl, Ha[pI4Mep, B 3oHe OKI,IcJIeHVIfl HIIXHefIepMcKI4x MeAI4CTbIX [ecr{aHl4-
Koe Eaxnryrcrofi KorrroBr4Hbr, B Kapbepax HuxuroecKoro pyAHoro rIoJIfl, Ha
YI{ACTKAX PACTBOP EHVTfl, IATPTTA B 3OHC A3PA]qJl1ll/l, A TAK}KC B APY|IIX MCCTAX C
ecrecrBeHHbrM vr r{cKyccrBeHHbrM o6Haxenueu uopoA, cotrep}Kaull4x pa3-
rr4r{Hyro (npeN4e Bcero - cynr$ra4Hyro) Mr4Hepairl43aul4lo. 3rn asoMarvrLl
-flBJl-rrroTcq BTop[r{HbrMr{ fl,lApofeoxHMHrIecKI{MI4 OpeOJ]aMI4 paceeflHvlfl tI
r4Melor BaxHoe ilpaKTr,rqecKoe 3Har{eHI,Ie IIpH rlol{cKax ueuy6oKo 3aJreraro-
tqefi M r4Hep aJr 43algz:rr B ilop oA ax v 3Kororo-rl4Aporeoxl4Ml4q ecK o M Kaprl4p o -
Banr4kr ll79l.
I4cr<yccrBeHHbre (rexHoreHHbre v 6uoreuHrre) rLIAporeoxI4MI4r{ecKI4e
aHoMaJrr4r4, Koropbre, rro c>/Tvr, TaKx(e flBrflercfl fHrIepreHHbIMI{, o6pasyrorcx
B pe3yrbrare )Kr43HeAeflTeJrbHocru r{eJIoBeKa. Bo MHofux cryqaflx oHI4,
ilpaKTr4r{ecKn, Heorrr4qr4Mbr or ecrecrBeHHblx auowalwtfr. vt Sopurapyrorcfi
KaK B 3oHax pa3rroMon (naupraMep, rpl4 pa3rpy3Ke rro Hr{M rIpoMbIlxJIeHHbIX
cToKoB, 3axopoHfleMbrx B frrApofeorrofr4r{ecKl4 HefepMeTI4r{HbIe cTpyKTypbl).
TaK 14 Ha reKToHr,rqecKz HeHapyneHHbIX yqacrKax geNaHofr Kopbl. Btlsere-
Hze AefrcrBr{TerrrHofr npr4poAbr r4cKyccrBeHHbIX aHoMaJIpIfi unorAa rpedyer
Ao Jrf oBp eMeHHbIX pe)KuMHbIX na6nrol euuit.
O6pa:oeaHuro ecrecrBeHHbrx 14 krcKy ccrBeHHbIX rI4rIepreHHbIX rl4Apo-
reoxprMt{r{ecKr4x aHoMaJrr4fi nocequleHo MHo)Kecrno paSor no rl4Aporeoxu-
Mr,rqecKr4M r IopIcKaM l I l ,  26,  3I ,  33,  53,  72,  J 4,  J 5,  13 1,  148,  1 49,  167,  208,
226,227, 14 Ap.]. llosrony oco6oe BH?rMaHr4e B MoHorpab^^ yAereHo o6pa-
3oBaHr4ro rr4nofeHHbrx rrrApofeoxl4Ml4rlecKux aHoMarl4fi, xoropble, c otrnofi
cropoHbr, HeAocraror{Ho r43yr{eHb\ a c 4pyrofi - ilpeAcraBJr-slor HaIa6oll-
uttti't uayuuttfi u npaKTvrqecxvfr. HHTepec.
3.2. O leHe3uce r,ry6llHHblx S.nrou4oB, pa3lpy)Karcrquxcfl B ApeBHux
rr,rAporepM aJrbHbrx crrcreMax f Henpo ncno-{oHellKoro aB,taKoreH a
Bo4u, pa3rpyx(arcrlr4ecfl rro pa3JroMaM B rrpeAerlax rI4AporepMaiIbHbIX
cucreM fuenponcxo-loneqKoro aBraKoreHa, coAepxar pa3rI4rIHF,Ie pacrBo-
peHHbre BeulecrBa H ceo6oAHbre ra3br, MHofI{e I'I3 Koropblx I4Meror 3HAoreH-
uoe (lraHrufiHoe r{Jrr4 Koponoe) ilpor4cxoxAeHrre. He orpvllafl poJrvr Lr 3lna-ue-
Hn-fl B SopnlupoBaHur4 cocraBa rroA3eMHbIX BoA xr'IMl4rrecKp{x 3JIeMeHToB H
coeAl4Heuuit, nocryrrarcilIux Lr3 3oHbI fzflepfeHe3a, aBTop cr{I4Taer, rITo
r4MeHHo runoreuuofr cocraBrflroruefr qacro olpeAeJlfl.ercfl. reoxl4Ml4rlecKat
aHoMaIbHocTb BoA pa3JIoMHbIX CTpyKTyp.
1 1 4l l +
B u:yueHr4r4 rr4Aporeoxr4Mr,rrrecKl4x aHoMalufi oAHI,IM I43 eaxHefrmHx
BoilpocoB qBrrrercq reHe3r.rc [pI4poAHbIX pacrBopoe. Oreer Ha Hero Mox{er
paccMarpr4Barbcq B AByx acrreKrax: I) [pol4cxoxAeHl4e pacrBopvrelrfl. - Mo-
reKyrtl HzO u 2) reue3l,Ic pacrBopeHHblx BeilIecrB.
AHarus r43ororrHoro cocraBa BoAoPo.Ua 14 KrrcJroPoAa noA3eMHbIX BoA
3oH r:ry6uHHrrx pa3JroMoB perlroHa rloKa3blBaer, r{To OHI'I, B ocHoBHoM'
rrpeAcraBrrrror co6ofi 3axopoHeHHble MopcKrre BoAbI, pa:6anreHHble e 6ac-
cefise ggALIMSHTaIII4I{ zuSumrpaUI4oHHbIMpI [31, 46, 47 , l lJ , 260, 2611.
Kcraru, K aHaJrorur{HoMy BbrBoAy rrpr4BeJII4 rr3ororlHble napaMerpbl BoA 3oH
pa3JroMoB 3eMHofi roptr tralxe n Cenepo-TqHr-lllaurcxofi ceficnnoaxrusuofi
3oHe [307]. Bce oro, [o-Br4Ar4MoMy, cBl4AereJlbcrByer o He3HarrurerbHoM
6o 3-5oA) npraror<e B 3eMHyro Kopy Ha coBpeMeHHoM 3Tarle r.H. "toBeHI4Jrb-
Hbrx" Ir MarMaroreHHbrx BoA, HeBo3MoxHocrb o6napy>x eHkrr Koropblx obt-
fleHfl,ercfl, cprmuofi pas6anneHHocrbro I4x BaAo3HbIMI4 BoAaMH 146,471. C
lpyrofr cropoHbr, cyqecrByer MHeHr.{e o Heilpl4roAHocrl4 I,IcrIoJIb3oBaHI4fl
orHolreHvil rxxe-rrbrx rr3ororros 6D/6'tO Ar" oilpeAeJlelr4fl reHe3l4ca HzO
12301.
PaccnrarpvrBafl. reHe3r4c BoAHoro pacrBopa cneAyer I4cxoAI{Tb He roJlt,-
Ko r43 r{3orofiHbrx orHoureHufi BoAopoAa vr KvrcropoAa, Ho l{ u3yr{arb I43oro-
flbr pa3rrr,rr{Hbrx pacrBopeHHbrx e uefi xI4MI,IqecKI4x SreMeHToB. CoIePXalnLl'e
[ocreAHr4x B BoAax 3OH pa3JrOMOB 3ABI4CLLT OT TeMflepaTypbl, xI4MI{rIeCKOfO
cocraBa 14 cKopo crtr ABvDl<eHr4fl $ruou4oB - ocHoBHbIX SaxropoB, orlpeAe-
I_qrcilIr4x pacTBopl{MocTb r43oTonoB I4 IIpOAOIIXI',ITeIbHOCTb I4X KOHTaKTa C
rropoAaMkr a Ba1o3HbrMrr BoAaMr{ [307]. Cpeeu xI4Mnr{ecKpIX 3JreMeHroB oc-
HoBHoe 3Har{eHr,re AJr{ reHerr,rqecrofr AuarHoc'tvrKkr I4Me}or H3ororlbl yrrepo-
Aa, ypaHl pa4vrfl, paAoHa? apfoHa 14 reIrvfl,.
Hara6onee aKrr4BHo B BoAbr rry6uuntx pa3JIoMoB fuenponcKo-
floueqxoro aBraKoreHa nocryilaer 3HAoreHHafl COz, Koropafl o6pa:yerc.s B
npoqecce Aera3arl?rr4 MaHTr4r4, a raKxe ilpl4 TepMoMeTaMopSusnte MI{Hepa-
JroB ocaAor{Hbrx 14 Kpr4crarrprqecKrrx ilopoA. B uaurufisoM Al4oKcr4ile yrrle-
po.qa coAepx(aHr4e rfl)Keroro r,r3orofra 6''C HaxoAl4Tcfl B I4HTepBare (6-8)%,
rrpr4 cpeAHeM 3HaqeHr4w 7oA. Taxofi )Ke l{3oronHtrfi cocraB I4Meer I'I MeraH,
xoropsrfr o6pasyerc.fl B MaHTLrkr BMecre c CO2 npl4 peaKUI4I4 yrnepoAa c Bo-
fofi [31]. B BepxHHX croqx seNaHofi Kopbl 3HAoreHur,rfi MeraH oKl{cJl{ercfl
rro peaKIII4I4:
cH+ +2H2O 5 CO2 +4Hz
3rnu, [o-Br4Ar4MoMy, r.r Mo]KeT o6r,s,cwsTbcfl SoprtrupoBaHue q.acrrr rny6un-
Hbrx fr4ApoKap6ouarHo-Harpr{eBbrx soA, Koropble o6pasyrcrcr B nepxuefr
qacTl4 "MeTaHoeofi sousl" peruoHa IIpI4 pacTBopeHuI4 COz B BoAe.
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Yuexncrtril ra3, reHepr4pyroqvtitcs n rry6oKl4x ropll3oHTax geN{HoI4
Kopbr r4 MaHTr4r4 rocrynaeT IIo 3oHaM pa3noMoB, KOHTpOXI{pyrcilII4X pTyTHbIe
pyAHbre ilor-fl [pyNrconcxo-KoHcraHTr,ruoecKofi n fopnoecxofi aHTI4KIII4Ha-
refr. 34ecr, Ha yr{acrKax BocxoAqulefi pa3rpy3Krr HanopHbIX rrySraHublx BoA
sa6ryoAaercq BbrAeJreHrre Ar4oKcr4tra yrrepoAa (xarc e ceo6o4uofi, TaK 14 B
pacrBopenuofi $opnrax) c ornoc[TerbHo BbIcoKHM coAepx{aHueM Ttx(eJloro
r{3ororra 6' 'C (ra6n. 3 1).
Ta6wua3.I
IrlgorouHtrfi cocraB yrJrepoAa B BoAax 14 ra3oBbIX crpyflx {pyNt<oBcKo-
KoucraHTI4HOBcKOro l{ HzKIaroecKoro pyAHbIX norefr
(no A.Z. @pra4nrdHY, I91 I)
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BOAe fa3 3 8,0 I  1 .1 3,08
-0 ,84
5 HP|I, pyAHrar< 2-6wc,
rop.330 M, rrrryp l le l6
cBoooAHbrtr ra3 0,12 1 5 0 | ,87 - 1  ) 9
Vz npnseAeHHofr ra6nuUu Br4AHo, r{ro B yrJIeKI4croM ra3e coAepx(urcfl
3Haqr4TeJrbHo 6omrue r.f,)KeJrbrx r{3oronoB yrJlepoAa (6''C), rIeM B MeraHe.
3Haqegus 6l3C Arf, MeraHa H3MeHflIorc-r or -1,87 Ao -3,08 %oo vt cBnAererb-
cTByroT o rrpeuMyrrlecrBeHHo KopoBoM rIpoI4cxo)KAeHI4I4 CoAepxalllefocfl B
HeM yrnepoAa. B yrnexucrroM ra3e, pacrBopeHHoM B pa3rpyx(arculuxc-fl rlo
pa3JroMaM xnopr4AHo-Harpr{eBbrx 14 rI4ApoKap6oHarHo-HarpI4eBbIX BoAax, a
TaK)Ke ilpr4cyrcrByroueM B "ra3oBbrx ctpyrx", oHo KoJle6rerc-f, or -0,5 Ao -
1,51%o, qro xapaKTepHo Arr oSracrefi aKTrrBHoro ByJIKaHlI3Ma 1141, 197,
226 u Ap.]. 3ro ceuAereJrbcrByer o roM, rrro B rlpeAerax rI4AporepMaJrbHbIX
cr4creM HaKorrreHl4e oAHoro r{3 eaNHefrrul4x KoMrIoHeHToB BoA fnyOuuHltx
pa3JroMoB pefr4oHa - AByoKr4cr4 yfxepoAa npol4cxoAl4r B OCHOBHOM 3a Cr{er
SHroreHHofr xera3 arr4vr 3 euru.
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Eeroxout B.f . (1984), paccMarpr4Ban 6acceftu p. Cenepcxnfi floueU
KaK reOAI4HaMHr{ecKyIO cI4cTeMy, OTpaXarcUyrc npoqecCbl 5Orlurux rJIy-
5v1t, cr{r4Taer:, r{To rrpr4 Aera3arJkrv MaHTr{r'I pI3 Hee [pol4cxoAr{T BbIAereHI4e
Smou4on, Mrrrpr4pyroulr4x B ocaAorrHble orroxeHl4fl u "upouapl4BllrI4x"
BMeuIarctUHe rropoAbr xr4Mlrr{ecKuMr{ 3JIeMeHTaMI4 uy6nunOro reHe3uCa.
llepeuerqeHr4eM Harperbrx rny6uHHbIX BoA oH o6tqcHqer pI rpoUeccbl Me-
ranrop$uqecKr4x rrpeo6pa3oeaHrafi B 3eMHofi r<ope (n uacruocrl,I, yrneodpa-
goeaHue). llornoula-f, oHAoresnr,rfi TerlroBofr norox, ?TLr BoAbI rrocroflHHo
rroAofpeBaroTcfl, a rrpr4 ABuxeHHr4 K IIOBepXHOCTI4, HailpoTllB, OTAaIOT CBOrO
TerJroByro sHepruro 6oree xoroAHbIM BMeIIIaTqI{M nopoAaM u vur$vnbrpa-
rlproHHbrM BoAaM. Tarpru o6pason, Ha6JlroAaroueec-s B perrroHe npocrpaH-
crBeHHoe coB[aAeHHe yrracrKoB noBbrrrreusofi HaIIpfl)KeHHocrI{ reorepMl4-
r{ecKoro rroJrfl c rurroreHHbrMr4 rl4AporeoxplMl4qecKuMl4 aHoMarluflVrLr o6y-
cJroBreHo feHerr4rrecKr4Mr4 saxropaxru 137 , 1261.
flp o qe c cbr B eprr.rx art so fr Kop o B o - u aurnfi so fi x o Hs e KII I4I4, >/ evrr4B aflcr)
B MoMeHTbr npo-f,BreHrr-fl Sas cr<raAr{arocrv vr 3aryxafl. B IrepHoAbI orHocl4-
reltHofi TeKToHr4.recxofi cta6vttaHocrr4, npoAoDKalorcfl B perlroHe Herlpe-
pbrBHo. llooronry B rrpeAeJrax rnAporepMaxbHblx cl{creM rua uav6oree rpo-
Hr4uaeMbrx yqacrKax pa3noMoB o6pason alrkrcr' cra6ra:rtHble Aorro)KI'IBy[Iue
oqaru renroMacconepeHoca. B 3Tr4x orrarax Ha rlpor fl>r<eHr4v Aluremsofr
vc.topkrvr feorofHrrecKofo pa3BvrTrl.fl pefl4oHa [poHcxoAIIIa pa3fpy3Ka TeIi-
roBoro floroKa, rr4AporepMarrbHbrx pacrBopoB, 3HAoreHHbIX Snror,I4oB H ra-
3oB, TpaHcrroprr4poBKa Koropbrx B BepxHLIe fopI,I3oHTbI geuHofi Kopbl ocy-
ruecrBr-f,erc.fl BoAaMI{ rry6oxoro QopuupoBaHl4fl .
O eosN{oNsofi feHerr4rrecxofi 6rzsocril cocraBa BoA fr'InofeHHbIX aHo-
wat;z^fr c ApeBHr4Mtr rr4lporepMarbHbrMl4 pacrBopaMl4 cBl4AereJrbcrByer He
TorbKo o6ulnocrb orraroB t4x pa3rpy3Kl4, Ho 14 cxoAcrBo xl,IMllqecKoro co-
cTaBa 3Trrx BoA C |a3OBO-)KIrAKI,IMr4 BKIIOTIeHUflMLI B fI4ApOTepMaIIbHbIX MI4-
Heparax ll32]. MHoroqrcreHHbre repnro6aporeoxl4Ml4qecKlle zccJreAoBa-
Hr4q Mr.rHepanoB r43 rr4AporepMarbHblx cl4creM loueqxoro nporlr6a 177, 85,
109,  115,  176,  146,  155,  197,214,220,316]  no3Bor I l ' IT IL I  BbI - {BI ' I rb  B HHX Ue-
rsrfr psA npr43HaKoB (reoxunruqecxufi TuII pacrBopoB, Ml4Kpo3renrenrnrtfr n
ragostrfi cocrae) xapaKrepHbrx M ilrrfl coBpeMeHHbIX rry6znHblx BoA, pa3-
rpy)KalouJrlxc.fl rlo pa3roMaM (radr. 3 2).
KaK euAHo p{3 ra6ruauu 3.2,, gpeBHr4e Mr4HepaJroo6pa:yrcul4e rrrApo-
TepMbr KaK [I BOAbr HeOTeKTOHr4r{ecKH aKTI4Bl{3HpoBaHHbIX pa3IIOMOB, OTHO-
cfl'r cfl K xropl4AHo-Harpl4eB oMy (rantqraen ouy ) rl{ry.
B sexoropbrx cryr{arx (HuxraroBcKoe pyAHoe Hole, Ocrprrfr Eyrop) n
xraAxofi 0 * e BKrlorreH ufr y cr auo BreHbI rI4IIof eHHbIe MI4Kp o3reM eHrrt ( ru-
t17
T a6wrua 3 .2.
XilMu.{e cxuft cocraB ra3oBo-}Kr4AKr4x BKrror{eHprit s rI4AporepMarIbHbIX MI4-
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N2- 10- I 8
cHa-0,5-6,0
X,rop n4u o - H arpI4e vstfr.,
pH 7,3-8,9
M-50-126 r lrr
Al, Mn, Cu, Ag, F, Li, Sr,
Mg, Ti, Pb
[1  16,  155]
Tr4fr, rle3r4ft Ia Ap.), qacro BcrpeqarcilIr4ec.fl H B pa3rpyx(arcur4xcfl B Hacrofl-
ilree BpeMfl BoAax rJry6oKoro SopnrrapoBaHl4q. Cocrae ra3oBofi cpa:rr (n xo-
Topofi rpeo6ratraloT COz, vr CH4 vr rrpvcyrcTByror a3oT, cepoBoAopoA, re-
tkrir, BoAopoA, aproH 14 Apyrr4e ra3br) coorBercrByer cocraBy ra3oBbIX
crpyfi, BbrAenf,rorrlr4xcfl r43 $oHTaHr.rpyrcUux cKBax{kIH, BcKpbIBIrII4x rl4Apo-
TepMaJrbHEre cr4creMbr fopnoecKofi r{ Apy)KKoBcKo-KoHcraHTI4HoBcKofr au-
rHKrrr{Hanefi [ 127, 2851.
Eoree KoHKperHyro I4HQopMaIII4Io o reHe3r{ce BeqecrBa, pacrBopeH-
Hofo B BoAax pa3roMoB, Hecyr coorHolx eHvrfl KoHUeHTpar]J]1lfr 3HAoreHHbIX
xuMr4rrecKr4x 3JreMeHToB. Tar, B Kar{ecrBe noKa3arerl-fl SopuupoBaHl4x rIoA-
3eMHbrx BoA Moryr 6rnr uclorb3oBaHbl coorHolrl eHrrfl KoHIIeHTpaWir B HI{x
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peAKr4x uleroqefi - rrr4Tkrfl,py6tagkr4 ue3LI{. Kax c'Iuraror A.J. Ellis u W.A.I.
Mahon [335], coAep)KaHnfl, irr4x DireMeHroB He KoHrponnpyrorcr $ra:uKo-
xr4Mur{ecKr{M paBHoBecr{eM "Bo4a-MuHepar", r{To cBl{AererbcrByer o llocry-
flrreHurr r4x B rror3eMHbre BoAbr r{3 or{aron rly6rasuofi reHepauxx. OrcroAa
BOAbr, B KOTOpbTX coAepN(aTcfl peAKr4e ilIeilotll4, MOfyT UMeTb ?HAOfeHHyro
cocraBrlnrouyro 1332].
feHeruqecKr4e xoe$Quqr{eHTbr, ocHoBaHHbIe Ha nporopulll4 KoHueH-
rpaqrafi rvr.tr4fl, pySuyux v r\esvrfl, rrpI4MeHflJII{cb pa3rI4qHbIMI,I 4ccJIeAoBare-
r rnMr4 16,J ,8 ,41,  368 r {  Ap. ] .  Tax,  Apcauoeaf  . I4 .  [8 ]  e  pe3yr lbrare p l3yqe-
Hrrfl peAKr4x ulero.refr B TepMarrbHbIX BoAax MonoAbIX ByJIKaHI4T{ecKI4x o6-
racrefi BcJreA sa A. 3:uucou ra B. MaxoHoM (1964) nputrrra K BbIBoAy, tlro
lutuit, py6vtEuiy qe3ufi, a raruKe xnop He MorrIlI HaKarIJILIBarbcfl B noA3eM-
Hbrx BoAax 3a cr{eT BbrrrleJrarrkrBaHkrfl. r43.rlopoA, a IIocTyIIaIH I43 ByXKaHpIqe-
cKr,rx oqafoB. flpu 3ToM ero ilpeAJrararorcfl pa3xr4r{Hble coorHolrleHkrfl KoH-
rleHTpaUrafi pe4rr4x ulerouert, fBr-flrorqvecfl, reHerl4r{ecKplM tloKa3areJreM Bo-
gu (wrm ee asovamuofi cocraBrflrorqefi):
a) am nropcxofi  BoAbI - coAep)Ka*krn Li :Rb : Cs - 100 : 78 :0,22;
6) lirs rny6uuutrx (ny:rKaHoreHHlrx) BoA coAeplnalnkl.fl. Li : Rb : Cs -
100 : 13 :  14 (100 :9 :6).
AHarus coorHorrr eruufi KoHueHTp aukrfr peAKI4x uleloqefi B BoAax rn)'-
6uuHur pa3iroMoB,, pa3rpy)Karoquxcfl B ilpeAexax rI4AporepMaJrbHbIX cprc-
TeM BocroqHofi qacrr4 [uenpoecxo-NoHeUKoro aBrlaKoreHa rro3Borlrer 3a-
Krroqlrrb, r{To oHu 6rra3Krr K TaKoBbrM B BoAax pa3JIoMHbIX crpyKTyp o6:rac-
refi conpeMeHHoro ByirKaHr43Ma (r 6:r. 3.3). 3ro yxasblBaer Ha 3HAorenuufi
reHe3r{c onpeAeneHHofi Hacrur BeruecrBa, pacrBopeHHoro B rIoA3eMHbIX Bo-
Aax paccMarplrBaeMof  pefl4oHa.
BaNHuna Ar4arHocrtrqecKt{M rrpr43HaKoM npu orpeAerlerrnvr ilpl4poAbl
BoA rBJrrercfl coAepx(aHr.re Jrr4fl, Koropufr uepeAKo Bcrper{aercfl B cocraBe
gy6raHuux Sruor.r4on, pa3rpy)KarorUuxcfl no reKToHI4r{ecKuM pa3JroMaM.
floenureHHbre KoHrleHrparJvrkr He (lo 0,067 o6. %) ornneqeHbl B ra3oBbIX
crpy-sx, crroHTaHHo BbrAex-flrouruxcfl BMecre c rny6I'IHHbIMpI BoAaMI4 no pa3-
roMaM, ceKyulr{M lpyxroscxo-KoHcraHrl4HoBcKoe pyAHoe rlore. Ha nopr-
AoK MeHbrrrr4e KoHueHTparJr4tr 3reMeHTa coAepx(arefl n rry6uuHblx 3MaHauI4-
rx B rrpeAeJrax Hur<lrroBcKoro pyAHoro ror-f, (,qo 0,0064 o6. o/o).Bcrpeqaer-
cq rerufi 14 Ha MHorr{x KynorbHbrx crpyKTypax perlroHa (Kpacuononoecroit,
Crae.flHcxofi, llle6eruaHcxofi, KpacHoocrolrcxofi, IeeeHuoncrofi, frySo-
Koecxofr 14 Ap.). llo.{ru Bo Bcex cryqatx orHolrreHl4e rq}KeJroro ugorona'He
n 
*He 
xoleSrercfl B I4HTepBaJle n'10-o - n'10-', r{To yKa3blBaer Ha 3HAoreH-
Hurfi, a Bo3MoxHo rr nraurufisrrfi ncror{HrrK reJII4fl. Taxntt o6pa:ou, Ha ocHo-
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BAH]ZIVT 3Tr4X ilpr43HaKOB MO)KHO 3aKIIOqUTb, qTo B pa3fpyxarcull4xcs flo pa3-
roMaM BoAax coAepxarcfl onpeAereHHble AonI4 rny6HHHbIX $xrcLIAoB, KoH-
rreHTparl7rr4 Koropbrx Moryr Kore6arbcfl B rxl4poKoM AI4arIa3oHe (r{acro - BHe
rrpeAexoB rryBcrBl4TenbHocrl4 aHaJrusa).
Ta6tuua 3 .3
CooruoueHue KoHqeHrparyvit rzrrzr\ py6nEvx v \e3vrfl B rIoA3eMHbIX BoAax
3oH pa3xoMoB HeKoropbrx rr4AporepMaJIbHbIX cl4creM loH6acca
Jvg
nln














I 2 ^,J 4 5
I HzKuroscKoe pyAHoe [one
(HPII), f op:roncr<uft terronuqe-





I  00:  10:20 f:ry6rznHrrfi
2. HPII. Co$neecr<ufr xynol. 3osa
HaABrrra "Cexyulat". CKB. 3992.




100:20:  I  I fny6raHuufi
a'! HPII. Kyno"n Karyruxa. 3oua







4. HP|I. f opnoncxaq aHruKr LrlnaIrb.
3oua Hur<uroecKoro c6poca.














100:  1  1  :26 fny6ranHrri
6. C:raequcxoe pyAHoe ilone. Aaa-
naoscxafr I rroK. 3ona Kopy,rr-
cxo-[poHoBcKoro pa3noMa.
C anon:ruBarolua-f, cs cKBaxv Ha




100:  15:20 f,ry6IaHnufr
t20
3.3. Kpureprru BbrAenerwfl rufiepreHHblx Ir rr{noreHHF,Ix
rI{AporeoxrrMuqecKux auoualuil
C uenbro rpaKTr4r{ecxofi anpobaqrara reHerl4rrecxofi r:raccraSwKalU.vvr
rr4Aporeoxr4Mr4r{ecKr4x anoua:rufi aBTopoM 6srru npoBeAeHbI orI;ITHo-
MerornqecKr4e r4ccneAoBaHzfl. Brrlo AeraJIbHo o6cneAoBaHo 18 lls y)Ke I43-
BecrHbrx rr4Aporeoxr4Mr.rqecKr4x aHoMaJIpIft n pa:JII'IrrHbIX ruAporeororrlqe-
cKr4x crpyKrypax paccMarprrBaenofi qacru [uenponcxo-floueuKoro aBra-
KoreHa. llp" 3ToM vrc>ruaracb r{x reKToHl4r{ecKa.f, [o3I4III4r, rI4ApoAuHaMrrKa,
reoxr,rMr.rqecKr4e oco6enHocrrr (nxmouax BeirI4r{I4HbI pH, Eh, Ml4Hepankaa'
rJkrvr, coAep)KaHra-q ra3oB r{ coorHorrleHl4fl KoHueurpaqufi peAKrrx rqenoqefi).
Oco6oe BHr,rMaH?re Sturo yAeireHo orrpeAerleHrrro B rIoA3eMHbIX BoAax co-
IepxaHr{itretv.x, H B HeKoropbrx cxyr{aflx - aproHa. Bce 3To no3BoJII4ro BtI-
qBr4Tb ilpr43HaKr4:, XapaKTepr,r3yrour{e pa3nl4r{Hble flo feHe3I4Cy f}'IApOfeOXI4-
Mr4qecKr,re aHoMa[r]lrvl, KoTopbre -flBI-[IoTcq AocTaToqHo HaAex(HbIMI4 KpHTe-
pvflMr4 L.rx pa3AeJreHrr.fl Ha rl4ilepreHHHe 14 rI4IIoreHHbIe (ra6r. 3.4).
Ta6mtua 3 .4.
Kprareprarr eHerr4r{ecKoro pa3AeJreHLrfl fvr1poreoxl4Ml{r{ecKI,IX auoualllfi n
Nuenponcxo-/[oHeuKoM aBJIaKoreHe
f eororo- reoxlrMHq ecKHe
xapaKTepr4cTVKr4






llprznHoc BeIrlecrBa BsrHoc BetuecrBa
Crpyxrypurtfi xourponb
aHonlalnfr
Pa:loltrt. Aurururti :e.anu He na6nroAaerct
Tunrr cKonJIeHI{fr nol-
3EMHbIX BON
Xumurte, TpeuI4HHbIe floponrre, TpeuII{HHo-[opoBbIe,
IJIACTOBbIC
Xapaxrep Hanopa BoA Hanopulte Ee:uanopurre, cla6oHarlopHE Ie
f eoxuvuqecKr4e rurrt'I








Mnuepan v3arJzlfl eo4, r/rt Eo;ree 10,0,  pexe- MeHee
0,5
1-3, pexe - rc 5-7 /e soHe err-
IUeIar{I4BaHI{t f aJlof eHHbIX oT-
roNesufr - lo 30 u 6olee
pH sol 7q -95





Fe-' n i Jre
CoAepxasus:
02, ur/n 1  5 -0 15,0-3 ,5
CO1, vr/:r 6oree 80.0-100.0 10,0-30,0
H2S, ur/n 6o:ree 100,0 MeHee 30,0
N2,vr/,'l 6onee 30,0 I  0 ,0-  I 5 ,0
H2, Hlr/:r 6onee 10,0 10 -50
He, ur/n n '  10-"  a 6oree n '  10- '
Ar, ur/n 6o.nee 5,0 0,5-  1 ,0
IIaPbr He. I\arh n.  10-o n '  10 - "  -  n '  10 -6











Hg, B, F, As, Li ,  Rb, Cs,
ITR, Sb
Cu,Zn,  Pb,  Ni .  Ba.  B,  (As)
XapaxrepHbre accollna-
ur4H fa30B
CO, CO2, H2, CHa, H2,
He, Ar, N2, [aPbI Hg
02, NO2, NHr, Nz, Hz
Coornoru eHwfl. Li : Rb : C s 100:78:0,2
Xapaxrep r43MeHeHHq






CooruorueH:afl 'He/"He n '  10 -o  -  n '  10 - ' n  '  10-o
ZsoronHrle orHorx eqr4fl,:
5D,%o -48+20 or  -190 ao -90
a '80,  %o or +3 ao +10 or -25 Ao -5
6r3c,  %o or - I  ,5 4o r0,5 or -4,5 Io -2,5
[auusre, ilpuBeAeHHbre B yKa3aHHofi Ta6ruqe, cBrrAerexbcrByror o
TOM, r{TO fr4ApofeoxrlMl4qecKpIe aHoMaIII4r4 pa3rrvr{Hofo feHe3uca oTII4r{a-
roTcfl Apyf oT Apyfa He ToJrbKo HanpaBJreHHocTbro feoxI4MI4qecKI4X npoqec-
coB, crpyKTypHofi noszuuei4, v reoxrrMrrr{ecKuM TI,IIoM BoA. Baxssrna KppI-
Tepr4eM r{x pa3fp a:Hhr:ileFjltq -f,Br-seTcq clleuzouxa MLIKpO3IIeMeHTHO|O I'I fa-
3OBOfO COCTaBa, a TaKX{e COAepX(aHUe cTa1r4IIbHbIX I,I3OTOTIOB B BOAe V pAC-
TBOpeHHbTX B Hefi fa3ax.
Oco6oe BHr4MaHr,re B rrpouecce Ar4arHocrwKvr cJleAyer yAeJrrrb fa3aM -
AByOKr4Cr4 yfJrepo,{a vr rerlrfl, orrpeAeJreHr{e KoTopbIX He fipeAcTaBJrf,eT 3Ha-
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rrzrerbHbrx 3arpyAHeHr4fr. B noAgeMHbIX BoAax perl4oHa Me)KAy COz n He
Ha6poAaerc_fi ilpflMafl Koppeirqqr4oHHar cBfl3b, Bblpalxaroua-flc-fl B pocre
KoHqeHTparyvtitt rerrvfl c yBerr4r{eHpreM co4epNaHufi AByoKHcI{ yrrlepoAa.
Tax, KoHueHTpaW4r4 COz (nper Qouonou 3HaqeHI4u l:rrfl BoA 3oHbI rl4rlepfe-
He3a [ou6acca 30,0 rur/r) B orrarax pa3rpy3Ku rty6uHHbIX BoA .[ocrl4raror
100,0 nrr/r u 6olee, a MaKclrMarbHbre coAeplKaHvrfl, reruq - rIpI4 arlrocSep-
nou $oue - 5'10-'nar/r Bo3pacraror 3lecb B AecqrKr{ u corHl4 pa:. Kax rpa-
Br4IO, BOAOrryHKTbr C aHOMaJTbHO-froBbrrIIeHHbIMr.I COAepX(AHIdfl.}|4VI3TI4X fa3OB
paclorafaroTcq B rrpelenax fr4ApoAuHaMr4rrecKl,I oTKpbITbIX pa3JIOMOB, yXO-
Aflrrlr4x cBoLIMI,I KopH-flMI4 B HI4xHI,Ie cQepu :euHofi Kopbl, a HepeIKo 14 Aoc-
Tr4rarourr4x MaHTvrv. llpu 3ToM uau6orsurefr "otxprltocrbro" xapaKTepn3y-
Forc,fl y3Jrbr flepeceq eHvrfl, 3Tr.rx pa3JroMoB, rlo KoropblM r:ry6uuHue Slrou4-
Hbre rroroKr.r ABtalryrcq K rroBepxHocrr{. B npoqecce nepeMeuIeHl4fl rro pa3-
JroMHbrM crpyKTypaM 3HAoreHHbre $mon4u cMelrrl4Barorc.fl c BocxortullMl{
noroKaMr4 Bor r:ry6ororo Sopur4poBaHr4fl. Lt, HecMorpq ua paz6aBJIeHI4e I4H-
cpzrurpaur4oHHbrMr{ BoraMr4 3oHbr ceo6oAHoro eoAoo6N4eua, oSpasyror y
noBepxHocrr{ rl4Aporeoxl4Mr4rrecKr4e aHoMarl4v. Taxue aHoMaJIHH, reoxl4Mll-
r{ecKafl cneqraQraKa Koropbrx cBfl3aHa c TIoBrIITIeHH;IMI,I KoHlreHTpa\r4flMkr
3HAO|eHHbIX KOMIIOHeHTOB, flBJIflTOTC-fl aHOMaIII4flMVI IIpHBHOCa IjIIkr fl{ilo-
reHHbrM v. VIcxotrfl rr3 3Toro, Mox{Ho Bo MHorux cryrr asx safiru o6rscHeHl4e
cpopnaupoBaHr{Fo opeonoB pacce-sHr4-fl raroreHoB, MHorI{x MeraJlroa (e uacr-
Hocrr4, pryrr4 a Mbrrrrbxxa) H ueroro pflAa Apyrl4x 3JIeMeHToB, reoxrrMt{r{e-
cKaq vrc,topr4fl Koropbrx raK r,rJrr4 HHaLre cBfl3aHa c MaHTI{ efi vtu rlty6rauHblMl4
crrofMrr gel,{uofr Kopbl.
PasAereHr4e raAporeoxnMnqecKr4x aHoMarnfi no reHe3l4cy flBJIflercfl He
TorbKo seo6xoAuuofi, Ho r4 pearbHo ocyilrecrslaNaofi zaila.uefr, rrrr 6o:ree
yclerrrHoro petueHufl xoropofr cretryer IIoMTIMo xl4MplqecKoro 14 ra3oBoro
cocraBa BoA r43yqarb reoxl,IMr,rlo I43ororroB pa3rHLIHbIX 3reMeHToe. 3ro eo
MHoroM oSlerqur r{HTeprrperarlr4}o pe3yrbraroB rl4AporeoxrlMlrrlecKl{x t{c-
cretroBauvit u rroBbIcHT I4x trocroBepHocrb.
llpocrpaHcrBeHHoe coBrraAeHr4e rr4rroreHHbIX rI4AporeoxI4MI4r{ecKI{x
aHoMarufr c yuacrKaMlr HeoreKToHurrecKofi axrnBHocru I{ iloBbltrleHuofr sa-
npflxeHHocTr4 feoTepMHr{ecKofo rrollfl yKa3brBaeT, rlo HaIIreMy MHeHI'IIO, Ha
BaxHylo porb rroA3eMHbrx BoA 3oH pa3xoMoB B KOHBeKTI4BHOM TeIIIIOMaCCO-
repeHoce B 3eMHofi rcope.
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IIACTb BTOPAfl
MMHEPATEHMIIECKA'I POJIb IIPTIPOEHBD( BOE IA
METOII4KA TI4EPOTEOX%MI4tIECKI4X IIOI4CKOB m
n PorHoSI4 POBAHI4q TJIyBOKOSAJIE rAnlI[I4X
MECTOPOXIEH:/lil,
rNABA 4
POJIb nPI4POIH6D( BOI B OEPASOBIiHWU m PA,SPI4IIEHIAIA
MECTOPOXIEHI4TZ noJIESHED( I4CKOIIAEM6D(
Polr ilpnpoAHbrx BoA e $opuupoBaHrrl{ pa3nI4qHbIX MecropoN4eunir
rrore3Hbrx r4cKorraeMbrx orpoMHa. AxaAeunr< B.VI. CxrupHoB yKa3bIBaJI, r{To
5es yuacrr4fl BoAbr HeBo3MoxHo o6pa:oeaHvre HI4 oAHoro BI4Aa Mecropo)K-
ngp1urt - or MarMaroreHHbrx Ao ocaAorrHblx 12571. O4naxo BoAa MolKer I'1r-
paTb He ToJrbKo co3r.rAaTerbHyro, Ho 14 pa3pyIlI4TeJIbHyIo poJlb, flBJls.f,Cb oc-
HoBHbrM SaxropoM pacrBopeH?rfl, TpaHcnoprl4poBKlr rr or:roxeHl4fl Beluecr-
na. HaupaBireHHocrb 3Tr{x npoueccoB B cloNHofi npl4poAHofi cucreMe "Bo4a
- ra3 - ilopoAa - opraHr.rqecKoe Betqecrno" onpeAeilflercfr KoHKperHbIMIl
reoJrofr4qecKr,rMr.r ycroBr4flMr{. Tax, B pacKpbITbIX fHAporeoJIoflrqecKI4x
cTpyKTypax BoAa r4HTeHcr4BHO BbrUIeJIar{zBaeT, pacTBop-fleT, IlepepacnpeAe-
rfler 14 pacaetrBaer xr4Mr4rrecKr4e 3reMeHTbI vr coetrkrHeHllfl. HanpornB, B 3a-
Kpbrrbrx crpyKTypoX, orJrr{qaroull4xcfl 3aMeAreHHbIM eoAoo6N,{eHoM, a raKXe
Ha AHe B oAo eMon np e o 6:ratraror fl B JreHlr-fl KoHueHTpar\trr4 B e ulecrB a.
llpoS:renre yqacrr4fl BoAbr e $opnazpoBaHnl4 LI pa3pyueHr4vr pa3rl4rrHblx
11o reHe3]rcy MecropoxAeHufi [ore3HbIX I4cKorIaeMbIX rlocB.fluleHbl TpyAbI
MHoTLIX yueurt r  [1 ,  11,  13,  16,  40,76,  120,  163,  I97,20I ,257,33I ,335,
360 v Ap.]. Oco6oe 3Har{eHr4e r{Meror rrrAporeororl4rlecKl4e 14 rrlAporeo-
xr,rMr4qecKue xnaccu$vrnar\Lrvr MecropoNAesIafi, orpaxarctul4e ocHoBHble
Mr4HepareHr4qecKue oco6eHHocrr4 rpr4poAHblx BoI. Olua r'I3 HI4x rpeAJloxe-
Ha B 1970r. A.M. 0equHHnKoBbrM l20I]. llo xapaKrepy B3al4MoorHoureuuit c
no.q3eMHbrMtr BoAaMr4 oH BbrAen-f,er rpl4 rpyilIrbl Mecropo>x4eHIafr: a) 3a-
Krroqarcu]I4x refKopacTBopr4Mbre rlopoAbl, BbIIIIeIaT{I4BaHI4? VI IIOIHOe pacT-
BopeHr{e Koropbrx npr4BoAr4T K yHnr{To)KeHI4ro 3TIIX MecropoNAesvtfr w o6pa-
3oBaHr4ro BbrcoKoMnneparkrcoBaHHbrx BoA (xaueuuoit tt rcalufinoil coltl, co-
4rr, 6oparoB ra r.u.); 6) ueSrpr 14 ra3a, Qopuupyrcrt1erx:fl, B rpeAeJlax BoIo-
HarropHbrx ctrcTeM r.r frrApaBlr4rrecKl4 cBf3aHHbIX C noA3eMHbIMI4 eO4aUU; n)
coAep)Karuux pyAHbre Mr{HepaJrbr, Koropble B 3oHe oKucreHlrfl o6pasyror
refKopacrBoplrMbre coru, npr4Aaroufie BoAaM cnequSnqecKne csofrcrea.
1 a A| /-+
Foree coBeplxeHHa KJIaCCnSuxaIMfl, B KOTOpOfi srtAe;tfl'eTcfl rltTb rpyrIII Me-
cTOpOx{A eHvIiL, pa3MeIIIeHI,Ie KOTOpsIX [OAr{I4HtreTCfl perI4OHaIbHbIM rl4Apo-
fCOJIO|HI{ECKI4M 3AKOHOMCPHOCTflM I4 CB,fl3AHO C NOJIOXEHIICM OCHOBHbIX BO-
noHocHbIX cl4creM Ha rlraHere (ra6Jr. 4.1).
Ta6wrua 1.1
f u4p oreoxorr'IqecKaq xrac cn$ r4Ka:lrafl.
Me crop o)KAeHI4fi no Jre3HbIX I4CKOrraeMbIX
(no IrI.C. JlotrosocoBy, E.H. fluHserepy I4 Ap., 1982)
OopnrrapoBaHr4e n pa3pyueHne npI4poAHbIMI4 BoAaMI4 MecropoxAeHufi
rroJre3Hbrx r.rcKorraeMbrx olpeAeJrfl.eT}fl. HaIIpaBIeHHOCTbIO IIpOUeCCOB ilepe-
Hoca 3Heprr4r4, Terrrra 14 BeulecrBa 14 perynrrpyercfl xI4Mur{ecKuMI4 z @rasuue-
cKr4Mr4 ceoficrsaMr4 pacrBopoB, ycJIoBI4flMI4 I4x Ul4pKyrflqnz (e 3aBrrcl4Mocrl4
oT Tr4rra fr4Apofeorofr4qecKr,rx cTpyKTyp, noIIo)KeHvIfl BOAOHOCHbIX fopll3oH-
TOB, rrmKeHepHo-feoJrofHr{ecKr4x Kar{ecTB BOAOBMeIIIa}OUIZX rIOpOf VIT.rI.), a
TaKxre reoxr4Mprr{ecKr,rMn oco6esHocrflMl4 MHHeparoB H ropHbIX fiopoA.
IzlcxoAq r4g 3Ttrx noloxeuuft, paccMorpnM poxb ilpupoAHblx BoA B
SopruupoBaHr4r4 14 paspyrrreHr{r4 uau6olee rHnI4rrHbIX AiIfl perl4oHa Mecro-
pox4eHllfi.
fpynnrr
Mecropox(Ielg^uit Cer :u c  nphpoAHbtMu BoAaMI4
pnMbrx pyAHbIX :alexefr, np-f,Mo I{.rIl4 KocBeHHo cQopuupoBaHHble
fr{ApoTepMaJIbHbIMu pacTBopanau (rragpoTepManbHble, MarMarHLIe-
crue, cxapHoerte l'1 Ap.)
SKsoregHbte MecTopoxAeHut 3oHbI BrIBeTpuB a:uvrr^ ) o6pa:oeaBIrILIect
B pe3ynbTaTe rr[epfeHHoro Ml4Hepanoo6pa:oeaHrzn (pacrBopeHl{fl 14
BbrHOca BoAaMLI MI{HepanbHOfr l,taccbl ropHbIX IOpOA II HaKortJIerltafl
ee B ocraroLrHbrx npolyrcrax)
I
II
III Oc aAo.{HrI e cKorIJI eHI4.g JI erKop acTBopqntrx ( c o:rxHltx) ilop oA,
cSoplaupoBaHHble s 6accefiHax ceAIlMeHTaUI4I{ 14 rIoABepXeHHbIe
npoqeccaM pa3pyul eHwfl, rIoA3eMHbIMI4 BoAaMra (xevoreHHbIe MecTo-
poxAeHraq)
3a.neNu ue$rn lara3a- ruApaBnlIqecKu cBt3aHHbIe c IIoA3eMHbIMI4
BOAAM14
IV
V 3u4oreHHble, MeTaMopQoreuuble u 3K3oreHHbIe MecTopoxAeHnq
rpyAHopacrBopnMblx pyAHbIX I4 HepyAHbIX 3aJlexefr, o6pa:oealune 14
pa3pylueHlre Koropblx cBt3aHo c 6uoreuuofi Ml4rpaquefi (n'recropoN-
AeHr4r xaycroSuoJlllroB, @ocSopa I{ Ap.) 14 MexaHI{r{ecKHM pa3pylxe-
Hr4eM (poccttnn) c yqacrtaeM [oA3eMHbIX II noBepxHotlHrlx ie4_
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4.1. Oco6eusocru QopuupoBaHlrq tr pa3pyueHur
rrrAporepM arbHblx Mecropoxre l:.ufr
fu4porepMarbHbre MecropoxAeHr4 x v, p! IoilpoflBJI eHwfl, Haz6olee xa-
paKTepHbr Ar-f, aKTr4Br{3HpoBaHHrx o6racrefi nareo3offcxofi 14 Me3o3oficxofi
cKraAr{arocrr4. llpunrepoM flBr-f,ercfl Nneupoecxo-[oueuxufi aBJIaKoreH, B
KOTOpOM OHr4 3aHLrMarOT OAHO H3 BeAyilIr4X MeCT CpeAI{ [Ore3HbIX I4CKOnae-
MI,IX.
O6pasonaHr4e rr4AporepMaJrbHbrx MecropoxAeunfi rpot{cxoAVT, KaK
[paBr4no, ilpv yqacTur4 rrpr4poAHbrx BoA .4Byx feHeTpIrIecKI4x TI4[IOB: 3H-
AoreHHbrx (x KoropbrM aBTop orHocraT loBeHr,rrbHble, MarMaroreHHble I4 Me-
ranaopSoreHHbre no4rr) r4 3K3oreHHbrx (na4osnrrx), npegcraBreHHblx ceyu-
MeHToreHHbrMr.r vt utt$vttbrpaur4oHHbrMr{ BoAaMr4. Bce osn o6uquo yqacr-
Byror B rrpoueccax, rpoucxoAflrrlr4x B fr4AporepMaxbHHx cl4creMax. oAuarco
Ha oflp elereHHbrx 3Tarrax f prAp orepMarrbHof o Mr4Hep aJroo 6p as o Ba]Hvrfl p oJrb
pa3lr4rrHbrx fro feHe3r4cy Botr traJreKo He oAHo3HarIHa v onpe.4eJlfleTcfl.) fJIaB-
HbrM o6pasov, TepM03Heprerr{rrecKr4M noreHur4aJroM rI4AporepualrHofi
crrcreMbr 14 ee reKroHr{rcofi [132].
ZcroqsuKoM 3Heprr4r4 rr4AporepMaJrbHofo pyaoo6pa3oBaHl4-s flBIrfl-
IOTC.fl KOHBeKTUBHbIe TeIIJIOBbIe IIOTOKI4, TIOCTyIIaIOUIHe IIO 3OHau r,ly6nH-
Hbrx pa3roMoB c ra3oBo-xlrAKrrMvr Qnron4anru. B ilpeAeJlax rl{AporepMarb-
Hbtx cr4cTeM no pyAoloABoAquIHM pa3iroMaM u Ao HacTotulefo BpeMeHr4 }]a-
SmoAaercfl pa3rpy3Ka HanopHbrx BoA uy6oxoro Qopnrl4poBaHllfl, or{arl4 Ko-
ropofi npocrpaHcrBeHHo coBnaAaror c yqacrKaMfi IIoBbIIrIeHHofr Ha-
rpflxeHHocrr4 reorepMr{rrecKoro noJr-f, [155, I98, 253, 2851. PaccntarpuBafl.
3TLr BoAbr KaK "rocrruAporepMarbHbre" pacrBopbl, MoxHo [oryr{urb Ao-
rrorrHr{TerbHyro nnQopnraur4}o  cocraBe u ceoficrBax rny5uHHrrx SmoI4AoB,
KOTOpbre feHepr4poBaJrr4cb B HeApax ApeBHr4x fr{ApoTepMarbHblx cI4cTeM,
Nrodzrug>lfl Ha cBoeM nyrr.{ pa3rr4r{Hbre pyAHbre KoMrroHeHrbI 1132,352].
1.1.1. Pryrusre MecropolmAeHr{q HuKuroBcKoro pyAHoro rlorfl
AHarzg MHof or{r4creHHbrx p e3yJrbraroB MrrHep aroro - reoxfi MuqecKoro
u3yqeHuq HrxuroBcKoro py5Horo rroJr-fl (HPll), roryr{eHHLIX B IlocreAHee
BpeMq 123, 67, 77, 84, 85, I  16, 132, 146, 212, 213, 2I7, 218, 220, 285, 2891
rro3Borur He rorrbKo paccMorperr porb ilpr4porHbrx BoA n SopnrzpoBaHl4n
rr4AporepMarbHoro pryrHoro opyAeHeHr4-s, Ho vr o6ocHosarb cxoAcrBo co-
craBa pyAofeHepr.rpyrcur4x pacTBopoB vr coBpeMeHHbIX noA3eMHbIX BoA,
p a3rpyxrarcrrruxcfl B KoHTyp ax 
.qp eBH efi rra4p orepM aJrl sofi cplcreMbl.
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Vcnoeua J,toKaru3 alluu u MexaHu3M QopuupolaHu,n
pmymHozo opy)eHeHufl
TexroHuqecKoe crpoeHr4e HPII AoBoJrbHo x poruo r43yrreHo 167, 96,
1 1 1, 1 12, 254 r4 Ap.] u e o6ur4x r{eprax cBoAr{rc-s K creAyroueMy. PyaHoe
[oJIe HaxoAr.rrcfl B oceeofi .uaerkr foproncxofi aHTr4Krrr4Harru v KoHT-
porr.Ipyercq soHofi I]eHrparuuo-foueuKoro r:ry6zHHoro pa3roMa, ceKy-
urefo 3eMHyro Kopy vr Aocruralouero MaHTr4ra. CeoA foproecxofr aurr.rKJrr{-
luaIrv B npeAenax HPII ocro)KHeH ceprlefi nrelxzx 6paxaaHTr4KJrrrHarrbHbrx
cKJIaAoK-KyrIoJIoB (9epHo5yropcxufr, t{epnoxyprauernfi, Karyurxuucxufr,
CoSuencxuft, Hoerrfi u t{erapuur<cr<uit) v pas6rrr cucreuofi rpoAoJrbHbrx 14
ArraroHaJIbHbIX pa3pbrBHbrx Hapyrueunft B Br{Ae HaABr{roB }oro-3a[aAHoro
( O cen oit, C exyunfi , r{epuo 6yrop c xuk, Karyrux vrncxuit H Xeres ur.ucxufi) u
ceBepo-BocroqHoro (9erapuurccr<tttfi, CoQraencr<rafi v Hoeosaeo4cxofi) Ha-
rpaBxeHvit (pnc. 4.1).Bcrpeunoe ilareHrle orrrx HaABr4roB 14 corpfl)KeHrre HX
B eAHHyIo 3oHy ua rry6oKrrx roprr3oHTax 3aMxoeofi qacrvr aHTuKrwnarr4
odycronnlo 6roKr4poBaHne v rroBbrrueHHyro ilpoHrrrlaeMocrb ee cnopa 167 ,
1 t2l.
Hecnrorpx Ha cJloxHyro reKroHr4qecKyro o6crasoBKy, crpyKrypHylo
HeoAHopotrHocrb 14 pa3Hoo6pasrae rrrrororr4rrecKoro cocraBa [opoA, ara-
faroul4x aHTrrKJII4HaJIb, pac[peAeJreHlre rr4AporepMaJrbHofr uuueparwnarJvru
B rrpocrpaHcrBe nporBrrrocb AoBorbHo rrerKo. B npe4enax HPII ycraHaBrr.r-
Baercs BeprI4KaJIbHafl v ropu3oHTaIrbHafl (acuuuerpr4rrHa.f,) souarbHocrr)
opyAeHeHllfl co cnreuofi Hr43KoreMrreparypHbrx accour4arlufi (c xuuonapnro)
6 ole e BblcoKoreMnep arypHbrMr4 (c ap ceuorrr4pr4ro M vr a:nT:aMo Hr4ToM ) cnepxy
BHI43 14 c 3ailal\a Ha BocroK [111 , ll2]. Bu4el.rreMbre Ha pyAHOM norre raK
Ha3bIBaeMbIe "naop$oreHerllr{ecKl4e" Tprfrbr py.qnrrx rer [pocrpaHcrBeHHo
paso6rqeHbl 14 noArruHeHbr 3oHanbHoMy pacilpeAereHr{ro KaK no ropr43oHTa-
rII4, TaK 14 rlo Beprr4KaJrr4: HaABuroerrfi, xr4rbHbrit. tun opy4eHeHuq xapaKTe-
peH Arfl BepxHr4x 3oH 3anaAHbrx Sranroa pyAHoro fror-f,, a BHyrpr4rrracro-
ertfr - Ar'fl Bocror{Hbrx H 5o:ree r:ry6orcux ero .racrefi.
Opy4eneHr{e HPII noKarr43yercfl B roxrre nolu$aqr4arbHbrx repprr-
reHHbIX perlHbrx vr osepno-SoJrorHbrx ouoxeuufi cpeAHeKaMeH-
HOyfoJIbHOfO BO3paCTa, npeACTaBJreHHbrX pr4TMr{r{HO rrepeAyroruu}'lprcfl fraq-
KaMr,I ilecqaHLIKoB, arleBporrr,rroB u aprvnrrr4ToB c ilpocJrosMr{ xap6ouarHbrx
flopoA 14 >/rrfl.llepeuzcJreHHbre [opoAbr rro-pa3HoMy BocilpnuMr{r4Bbr K npo-
ue c c aM rLIAp orepM axbHof o MHHep ano o 5p a3 oB aHH s. Hau6o Jre e iloABepxeHbr
I'I3MeHeHILflM CpeIHe- V KpyrrHo3epHr{CTbre aJrJrroBr4aJrbHbre [ecrraHrlKr4,
MourHble (lo B0 nr) nauxl4 Koropbrx BbrAerflIorcq B pa3pe3e pyAHoro rrorq




























































cKrre, coSneecKr4e:, qepHoKypraHcKr4e, rrJrr4Tr{arbre u xrrailSuilreHcKl4e ilecqa-
uuxa). Wg-ga [ecrporbr Jrurorofur{ecKoro cocraBa vr pa3rrkrqsofi crerleHpl
TeKToHr4qecxofi HapyrxeHHocrrr [opoA KaK caMo opyAeHeHvre, TaK I4 opeorlbl
oKoropytrHbrx rr,rAporepMairbHHx zsueHeHlrfi, r4Meror cJIo)I{HbIe KoHTypbI
fr32l
llpocrpaHcrBeHHa-fl 3oHarrbHocrb opeonoB fr.rAporepMarr,rroB rlpo-
flBr-serc-f, B rrocreloearemHoft cMeHe npoueccoB oKBapueBaHvrfl, xa-
paKTepHbrx Ar-f, BHyTpeHHHX 3oH, Ar{KKr{rwzageh (n nepxuvx qaerrx pa3pe-
za) utu Aou6accurv3arJr4efi (Ha rny6uue). lanee x nepzQepvrkr, r{epe3 3oHbr
fr4Apocrroavr3arryrv, ocyuecrBJrqercr [epexoA K fr4ApoTepMaJrbHo Her{3Me-
HeHHbrM [ecr{aHr4KaM c xap6onarHo-KaoJrr4HoBbrM rleMeHTorr. Taxzna o6pa-
3oM, 3trecb Sr,rrccupylorc-s ABO, cMerueHHbre orHocr4TeJrbHo Apyr Apyra ilo
rry6raHe, MeracoMarurrecxrae Saqzrkr: AoH6accuronar (uzNuxx) 14 AI4KKI{To-
nax (nepxH.ax).
llo noupocy rpocrpaHcreeHHofi H reHernqecrofi eBfl3r4 pryrHoro opy-
.qeHeHr4-f, c reM vrvr r,rHbrM Tr4rroM MeracoMarr4ToB ua HPII MHeHr.Ifl pa3-
Hoperrr4Bbr 167, II2, 2IB, 2991. OAsar<o cocraB, crpoeHr4e, B3ar,rMoorHo-
rrreHufl Sarlufi 14 rroJro)KeHlre B Hrrx opyAeHeHr4r ro3BoJrrlor 3aKrIorIHTb, rITo
rr4rporepMarr4rbr HPII c$opurapoBaHbr B paMKax eAr{Horo rIr4KJra ruApo-
TepMarbHofi Ae.qreJrbHocrr.r, oAHoBpeMeHHo c fipoueccoM o6pa:on aHVfr pyA-
sofi nraueparrr43arluu [ 132].
BaNnyro poJrb B pacrpe4exeHnvr fuAporepMarrrroB 14 opyAeHeHn-s r4r-
para rro3rrrlr{_fl }'{a9cvrBa BMeruarcrunx [opoA orHocr4TerbHo KaHaJra IIo-
cryrrJreHr4fl paarBopoB B reoJrofurrecKoe [pocrpaHcrBo pyAHoro norq. flo-
crernufi HaxoAr4Jrcfl Ha BocrorrHoM SnaHre HPn (npe4norro)KrrreJrbHo, B
3oHe foproacKoro reKToHrrr{ecKoro y::ra) v vrparr porb pyAonoABoAqlrlero
[111 , 112]. Acunuerprrfl,, Ha6:toAa]oulaflc.r B JroKarru3ar\r4kr rrpo4yKroB rr4A-
porepMarusofr AeflTeJrbHocrr4 orHocr4TeJrbHo 3Toro KaHaJra, Mo)(er o6b.flc-
HflTbc.fl ero HaKJroHHbrM rroJro)KeHr4eM c KpyrbrM ilaAeHueM Ha 3ailaA. Mac-
ruta6n,, uHTeHcHBHocrb r.r crerreHb ilpo.r{BrreHHocrr4 fl trporepMaruToB -flBr{-
rrucb, KpoMe roro, Qyuxquert ptEa SarcropoB, B ToM r{ucre w pa3rkrquofi
rrpoHrruaeMocrr4 orAeJrbHbrx yqacrKoB reoJrornr{ecKoro rrpocrpaHcrBa. llpo-
Hr4UaeMOCTb OilpeAerflracb [oro)KeHr4eM 14 xapaKTepoNr Arr3broHKTrrBHblx
(npnnaofi lpeHaN) 14 rrrr4Karr4BHbrx ( oHrleurparlvrfl noroKa K ocu aHTprKrrr4-
uanu) $opr reKToHr,rKvr, a raKlKe Jrurororr4r{ecKr4M cocraBoM nopoA, o6pa-
3Y}OLUI{M UCJIYIO CHCTCMY KAHAIOB III4PKYX,flIJVIVI fVTIPOTCP-MAIIbHbIX PACTBO-
poB. B npe4errax pyAHoro noJrfl oAHr4 r43 3Tr4x KaHaJroB ctylr-nrrv pyAopac-
np eA erfl ro rrIHM H, a Apy rr4e - pyA o Jr o K aJrr43yro ur4Mr4 lI 3 2] .
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tr4cc:reAoBarenqM:a, r43>lqaBllrplMrr HPII 125,36,77, \ 1 1, I 72, I32, 146,
196,2I5,218,239,254 u Ap.], BbrcKa3brBaJrucb pa3nr4r{Hble B3rrI-qAbI Ha Me-
xaHH3M o6pason aHVfl pryrHbrx pyA. K Hacro-flIlleMy BpeMeHI4 c$opnarz-
poBaJrr4cb ABe rr4rrore3br eHe3vca pryrHoro opyAeHeuus HnxI4ToBKH: oca-
tror{Ho-Meranrop@oreHHaq 14 rrlAporepMarbHa-fl. Couacuo nepnofi pryrb
CI4HICHCTZIIHO HAKANJII4BAIIACs B OCAAOqUOfi TOITqE, ? 3ATCM B IIEP?TOAbI TCK-
ToHr4r{ecrofi axruBvrca\rryr nro6urusoBbrBaJracb vr BbIHocI4JIacb vrg nopoA Boc-
xoA-flulr{M}r MeravopSoreHHbrMr4 pacrBopavrra 14 rauSz:nrpaul4oHHblMl4 Bo-
AaMr4 c ilocreAyrouefi aKKyMyr stryeit B ocaAorrnofi rolue [96]. OAHar<o go-
HaJrE,Hocrb ,r HaJro)KeHHufi, BbrcoKoreMrreparypHrrfi xapaKTep Ml4Hepa:roo6-
pa3oBaHurfl, a raKx{e Beprr4Karusrrfi pa3Max opyAeHervrfl vr MeracoMarr{ToB
cBr4AereJrE,crByer He B rroJrb3y :rofi rplnore3l.;r 12541.
Bo:ree y6e4rarelruofi flBrrflerc.fl runore3a o rutrporepMarbHoM re-
He3r,rce pryrHoro opyAeHeHr,rfl HPII. EAusoro MHeHr4-s o6 ncroqHnKax rI{A-
porepM He cyulecrByer. Tpaxvuttosuofi flBrflerc.f, TorrKa 3peHl4.fl o cBfl3Lr
rr4AporepManbHoro opyAeHeHr4r c reKToHoMarMarr4qecrofi aKTI,IBI43 a\veit
flou6acc a 122]. OAnaxo orcyrcrBr4e Ha AocryrrHbrx sa6nroAeHl4ro uy6nHax
14 B pa4vryce 40-60 ru or HPII r4Hrpy3r4BHbrx MafMarr4qecKl4x reJI BbI3bIBaer
B rocre4Hee BpeMfl cyrqecrBeHHyro Kpr.rrr{Ky 3rr.IX B3rJIflAoB l2B, 67, 278,
2541. llpe4uoJrox{eHr4e o roBeHfirbHoM r4crorrHr.rKe pryrbcorep)Kaurux pac-
TBOpOB OCHOBaHO Ha rr3OTOfrHbrX AaHHbrX r{ aHarrn3e TepMOAI4Ha\,rU.{eCXOfi
oScrauoBKr4 pyroorro)Keuux II32,212,218]. OHo AorlycKaer yr{acrl4e B py-
4oo6pas oBaHvrvr orpeAerrenHofi troJrr{ norpe6eHHbrx MopcKr4x ra nn@unbrpa-
rlrroHHbrx BoA 14 corrracyerc.q co cxeMofi reororur{ecKoro crpoeuvx [ou6ac-
ca. Taxofi rroAXoA K npodlenae sauSoree coorBercrByer o6rerrzBHblM
rrpelcraBreHa-flM o5 HcrorrHr4Kax pyAoreHepr4pyloulux pryroHocHblx pac-
TBOpOB.
OopnnapoBaHr4e ocHoBHbrx r{epr crpyKrypbr pyAHoro nor-fl 3aKoHr{I4-
Jrocb B AopyAHbrfi, repMcKr4fi nepuo4. Ko BpeMeHr4 cKraAKoo6pasoe aHufl
orHocqrc.fl ycraHaBrrr4BaeMbre B nopotrax fopnoncxofi aHTr4KJII4HaIrv npe-
o6pa:on avr4fl MuHeparbHofo cocraBa rropoA (cnr:anHble c ux yilrorHeHl4eM
ra ae$opnrauraefi), 3aKJrroqarcrur4ec.fl B Aerr{Apararlr4r4 r.r repeKpl4craJl rvBarruu
xap6oHaroe. CyruecrBeHHyro poJrb B 3Tr,rx npoueccax, orHocf,ulnxc-s K Kara-
reHerrrr{ecKrrM [155], vrparr4 ceAHMeHToreHHbre pacrBopbl. Mo6zrra-
3oBaHHbre r{3 rrareo3oficrax rropo4, oHr4 ycrpeMn{xr4cb vr3 oSracrefi erlco-
Kr{x AaB tewuit e o6racrr4 pa3rpy3Kr,r, HaxoAfluluec-s B oceBbrx rracrflx aHTI{-
KJ.rr4HaJrbHbrx crpyKTyp. 3rn pacrBopbr He 6stu BbrcoKoreMreparypHblMrr I{,
cyAfl rro Bo3Aeficrezrc Ha rropoAbr:, orru,rqaJrlrcb cra6oxucrofi peaKul4efi (pFf
5,0-6,5). llepeuerqafl.eb rro cr4creMe rperq?rH B rropoAax 14 BAoxb IrJIacroBbIX
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KOTIeKTOpOB, OHr.r Bbr3brBaJrH OKBapUeBaHr{e (pefeHepaquoHHEle KauMbI Ha
3epHax KBapua B frecr{aHr4Kax), nepeKpr4craJrJrlr3aur4ro Kap6oHaroB, Meraco-
MarrrqecKr4e rrpeo6pa^:oeaHvrfl rrnrHncrofo ueMeHTa B KaoJrl4Hrrr, a Ha or-
AerbHbrx yqacrKax - ilr4pr4Tpr3arlurc. MunepaJrbHbre paBHoBecLrfl. B [opoAax
Ha 3TOM 3Tane OnpeAenfl,Irvrcb ycraHoBuB[rprMr4c-fl TepMoAr4HaMI4qecKpIMlI
rrapaMerpaMvr, Koropbre B KoHTypar HPII MaJro orrrprqarrrcb or raKoBbIX oK-
py)Karoulero reorrorur{ecKoro npocrpaHcrea (puc. 4.2).Meracouarrrr{ecKr4e
npeoSpas oBankrfl Ha AoruAporepMarrbHoM 3Tarre cnocobcrBoBarr4 rIoBbIIIre-
Hr4ro xpyflKocrrr kr rperrlr4HoBarocrr4 nopoA, oco6euHo B cBoAoBoi4 'racrkr
foploncxoft aurvKrrv:e.arkr. Teu caMbrM 6rnv ilotrroroBrreHbr KaHarbr Arq
nocrynreHrrfl, rr4trporepMaJrbHbrx pacrBopoB Ha 3Tane pyAoreHesa. Bcx cyM-
Ma reKToHrrqecKux ABr4xeuuk e 3Tor rrepproA rrpr4Bena K aKTprBr43arJuu 3oHbI
IJeurpamno-NoHeuKoro rryduHuoro pa3roMa. AxrzevrcarJvrfl corrpoBox-
Aaracb [oAHoBrreHr4eM kr pacKpbrrr4eM croxsofi cr4creMbr c$opl,rupoBaB-
rur4xcq paHee pa3pbrBHbrx uapyureHrafi fopnoncr<ofi aHTr4KJrr4Harkr. qro, B
cBoro oqepeAb, o6ycroBr4ro SopurapoBaHue "ocra6reuuofi 3oHbr" [ 12], no
xoropofi K noBepxHocrr4 ycrpeMx flll.treb noroKrr oHAoreHHbrx Snrou4oe.
Bue4p.arcb B MHofoKr{roMerpoByro roJrruy croxHo Ar4crour4poBaHHbrx rro-
por xap6ona, oHH c$opnrnpoBarr4 rr4AporepMarrbHyro cucreMy, oAHa r43
eereefi xoropofi Aocrr.rrJra coBpeMeHHoro rrpocrpaHcrBa HraxuroscKoro
pylHofo ror-q.
B AesrerbHocru ruAporepMarbHbrx cr4creM o6rr.{Ho BbrAeJr-[ercr rpl4
cratrvlr: I ) np orp ec cr4BHa-f, , Hecraur4oHapH afl - co orB ercrByro ulafl 3 ap oxAe -
Hr{Fo 14 pa3orpeBy crrcreMbr; 2) KBa3r4craur4oHapHafl coorBercrByroruafl
pex{uMy, frpaKTurrecKr.r, nocro.f,HHofo pacnpeAeJreHprfl 3Hepferr4rrecKHx flo-
TeH uu 14 aJroB ; 3 ) p erp e c evrB:r.afl, Hecrarl uoHapluafl - rrocrerreHHoro 3aryxaHufl
rr4AporepMarrbHoro npouecca 119, 253 14 Ap.].
Ha paHuefr craryvrv AeflTeJrbHocrr4 rr4AporepuaruHofi cr{creMbr 3H-
AoreHHbre QnrouAbr, cMerrraHHbre c Aerr{trpararlr4oHHbrMr4 BoAaMu BMeularc-
urux ropoA, 3arroJrHr,rrr4 pa3Apo6reHnyro 3oHy foproecKoro reKToHr,IqecKo-
ro y3xa, oSpasonaB pe3epByap repMarrbHbrx HanopHbrx pacrBopoB. Pasrpy:-
Ka ux flpor4cxo Arrra KaK BAorb ocr4 fopnoncxofi asrrrKrrr4Harl\ TaK r4 rro ce-
pr.rr4 npoAorbHbrx HaABprroB, BbrrrorH.f,roilIr4x $yuxur4ro pyAopacnpeAeJr-flro-
rrlr4x crpyKryp (Ha4wru Cexyx\r4ir, Co$uencxwfr,, Ocenofi er Ap.). Pacnoro-
)KeHr,re HaABr4foB orHocr4TerbHo KaHarra IIocTyrrJlle}lnfl pacTBopoB oKa3aro
peuarcuee BJrr4flHr4e HapacilpeAeJreHr.re r 4AporepMaJrbHofi navueparvga:q:,zrkr.
Tan, B HarrpaBJreHr4r4 o  Xere3H{HcKoro Kynona (ua BocroKe) r< r{epuo6y-
ropcKoMy (ua sana4e) ua6nrolaerer cMeHa cocraBa r4 accoqua\uv pyAHbrx
14 HepyAHbrx Mr4Heparoe. B 3ToM x{e HarTpaBrreHvrv ycraHaBrr,rBaercfl rr3Me-
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HeHrre ilpeoSJraAaroulr4x rr4froB pyAHbrx ren [111], a raK)Ke rIoJIo)KeHVe vr
KoHrpacrHocrb nepexoA a $auufr, trHKKr,rrcoAepx{aqr4x u ilouSaccl4rcoAep-
)Kaurr4x rropoA. 3axouonrepHoe rrorpyxeHue 3Tofr rpanraubl r,I cHt{)I(eHue e
KOHTpaCTHOCTT4 K 3arraAy OTpaxaer yIaneHHOCTb OT oqafa pa3fpy3KrL fr4[-
poTepM, rrTo npo.flBr4Ilocb B r.r3MeHeHnvr BeJrHrrr4H TeMrrepaTypHblx fpaAI4eH-
TOB 14 Ha[OpOB paCTBOpOB.
Irlsnecruo, r{To repMoAr{HaMr4r{ecKue kr @rasnxo-xr4Mr4qecK}.Ie ilapa-
Merpbr ru,rAporepMarbHoit cncteMbr r{rparor ocHoBHy}o porb B rlpoqeccax
Mr{HeparoodpasoBaHvrfl. BcreAcrBrre rr3MeHeHllq 3Tr4x rrapaMerpoB Ha oAHrrx
yr{acTKax cucTeMbr MofyT npor.rcxoAr4Tb npoueccbr pacTBopeHl4fl BeuIecTBa
nopoA u xno6vtr43arJvrfl 4x KoMrroHeHToB  pacrBopbr, a Ha ApyrHX Bo3HVKa-
ror 3oHbr rrepecblluellvrfl, fAe pacrBopeHHbre BeulecrBa BbrrraAaror B TBepAyro
Qasy 179, 203]. Taxne 3oHbr npeAcraBJr-rror co6ofi reoxprMrrrrecKr4e 6apre-
pbr - orpaHr4r{eHHo rroABr4xnue (n HecrarluoHapHoM pe)Kr4Me) vtw @raxcu-
poBaHHbre (e craqr4oHapHoM pe)Kr4Me) e npocrpaHcrBe yrracrKr,r cr{creMbl, Ha
Koropbrx ocyurecrBJr-fierc-fl orJro)KeHr4e rr4AporepMarbHblx MHHepaJIoB. Vz
6olsruoro rrucra ilpr4r{r4H, Bbr3brBaroulr4x o6pasoeaHkre 6aprepoB, B rl4Apo-
repualrHofi cr4creMe HPII Hara6olruee 3Har{eH}re vrMeru'. a) uySunuoe
"BcKHraHI4e" ilorHl4Marotuefocfl K noBepxHocrr4 $nrozla, [poucxoA.flruee
TaM, fAe efo AaBIeHr{e [peBbrcprT feocrarr,rqecKoe AaBIeHr{e B cr{creMe; 6)
pe3xr4e rreperraAr,r reMrreparyp; e) usueueHue pH, Eh v xvrl,r'vrrrecKoro c cra-
na Snrou ta npr4 cMerrreHr4r4 ero c xoJroAHbrMr{ Kr4cJropoAcoAep)Karrlr4Mr4 Bo-
ilawn; r) axrueHbre peaKur4r{ c HeKoropbrMu nopoAaMu (nuneparanu), Hd-
pytrrarcuve xvrMvrr{ecKoe paBHoBecrae Qnrou4a (yrrr4croe BexlecrBo, cyJlb-
SuEsr, rcap6onarbr { Ap.). BcreAcrBr4e roJrr4KoMrroHeHTHocrrl ocraBa pac-
TBopoB 14 r4x rryrbcr{pyrcuero nocryrrr eHLrfl reoxaMr4qecKr,re Sapreprr rrfl
pa3rr4r{Hrrx Sas 6svlt paso6rqeHbr B rrpocrpaHcrBe. 3ro npuBeJro rc o6paso-
BaHr4ro B KoHTypax pyAHoro rrorr-f, ua6moAaenofi HbrHe MrrHepanornqecxofr
r,r reoxnMurrecKofi soHarbHocrrr. KourpacrHocrb r,r ycrofiqr4Bocrb 6aprepoe
orrpeAerflra crerreHb ilpo_f,BJreHHocTrr, frpocTpaHcTBeHHoe froJro)KeHue u co-
craB rr4lporepM anb Ho ro Mr4 Heparo o 5p a3oBaHnfl .
lrx usororroB cy.ns@ra4uofr cepu n c@opMr4poBaBrrrux HPII Mr4Hepa-
.uax py4uofi crarvfi1 xapaKTepHo orHocr4TeJrbHoe 4uoo6pa3kre :HauenutT,
SomurnHcrBo r43 Koropbrx coorBercrByer Mereopr4rHoMy craHAapry (6'*5
or't2,2 go -4,6 %o). 3ro yKa3brBaer Ha uaurr,rfiHoe npor4cxo)KAeHrae ceprr. B
To x{e BpeMfl, cpetrr4 r43ororroB cepbr cymSrz4Hbrx MprHepaJroB pr3 BMeruaro-
urHX ropoA rraireo3oficxoro Bo3pacra npeo6naAaer rerr<ufi r{3oron 63o5 1or
-6,2 Ao -24,I%o), cuuAereJrbcrByrorrlr4fi o6 ocatrorrHoM reHe3l{ce 3reMeHra
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Ba cepbr cynbor4AoB pyAHbrx 3arex{efi, a raKx{e AaHHbIe I43ororIHbIX onpeAe-
reHafr6180 z 613C 12\31, cKopee Bcero, roBopflr o6 raMesrxeM Mecro cMerre-
}ll,lr4, B rrpouecce pyAofeHe3a, 3HAofeHHbrx roBeHprJrbHbIX pacrBopoB c 3K3o-
reHHbrMr4 BaAo3HbrMrr BoAaMH. Taxvru o6pasonr, HaJrr4uo rloJll4reHlnafl. npv-
po,qa pyaoo6pa3ylorqux pacrBopoB. I4cro.{HraKoM BerrlecrBa B Hr4x fBJIsJIacb
He rolbKo MaHTr.rq, Ho r4 rropoAbr 3eMHofi roprr, a raKlKe rrpLlcyrcrByrorrll4e B
HHX flpupoAHbre BoAbr. Wcxots rr3 3Toro BbrBoAa, paccMorpr4M rI4rpoAI4Ha-
Mur{ecKue vr fvrqporeoxr.rMur{ecKlre oco6esuocrr4 Qopnnap oBaHvrfl, vrpa3Bkrrvrfl
rr4AporepMarbHofi cucrenmr HPII.
AxraeHas rr4AporepMarbnas, [efl'teJrbHocrb, c Koropofi cBq3aHo o6pa-
3oBaHr.re pryrHo-cypbM.flHoro opyAeHeHafl, 6srra oropBaHa Bo BpeMeHI4 or
3rana cKrarqarocrr4 l2B, 67, lI2, 209, 2541. Osa rpoucxorvra ropa3lo
rro3x(e 14, cKopee Bcero, 6rua Bbr3BaHa Me3o-KafiHosoficxofi rexronaqecxofr
aKTr4Bpr3a\uefi. floc:re 3aarbcKofo reKToreHe3a, Ha rrpor-fl)KeHlrl4 oxono 60-
80 urn. Jrer, B uy6nuuofi\actu "ocra6reHuofi 3oHbr" foproncKoro reKTo-
Hr4rrecKoro y3ra rrponcxoAr4ro HaKorrreHr4e MaHrufi Hux Qnrora4oB, Koropble
BilOCJTeACTBI4I4 flBIIfl,I.VrCb OCHOBHbTM ilCTOr{HUKOM rrI4TAHUfl fr4ApOTepMaJTb-
sofr cucreMbr.
Ha saqarsuofr ,, ilp orp eccr,re Hofi ara4vrlr Ae-srerbHo crl4 rI4Ap orepMaJrb-
sofi cucreMbr, BcreA 3a rtepBbrMu r4MrryrbcaMu TeKToHr{qecxofi aKTrrBpI3a-
r\vr\4 rro o6noereHHbrM rr BHoBb Bo3HHKrrrr4M pa3pbrBaM B reororaqecKoe
npocrpaHcrBo HPII ycrpeMr4Jrr,rcb rroroKu roBeHnrbHbrx Qmon4oe, orrl{-
qarcUl4xc.q Bbrcoxofi nlorHocrblo. Wg-za neycrofir{r4Bocrr4 reoxl4Ml4r{ecKl4x
6aprepon, odpasoBaBrrruxcfl ilpr4 rrx B3ar4MoAeficrer4vr e Aerr4AparauuoHHbl-
Mr4 BoAaMr4 BMeu1arorur4x rropoA, rr4rporepManbHoe Mr{Hepa:roo6pa3oBaHr4e
Hocr{ro AprcKperurrfi xapaKTep. llo Mepe ilporpeBa ropoA rr BbrpaBHhBanrrfl
pe)Kr4Ma Ae.f,TeJrbHocrr4 cr.rcreMbr Bo3Hr{Kno paBHoBecr4e Snrou4oB c oKpy-
Narouefi cpeEofi. B ery craguro @poHr rrporperbrx Ao 210-290 oC pacrno-
poB, frocryrraBrrrr4x noA AaBreHr4eM 210-240 arM. [115, 2181, orrecHl4r Ha
SraHrrz rr4AporepMarrbHofr cvcreMbr MereopHbre BoAbr, 3arroJrHflBrrrr4e p -
rurrHHbre KoirJreKTopbr pyAoiloABoArrrlux KaHaJroB. B KoHTypax HPII ilpo-
r43OrXrO HapyureHr4e ycTaHoBr4Brrrefoc_f, Ha Aofr.rAporep-MarbHoM 3Tarre pac-
ilpeAerreHr4fl repMoAr4HaMrqecKux napaMerpoB. 3ro rpa@uuecxn BbrpDKa-
erc-{ B Bo3AbrwaHr4vr r43orepM s6rfiagkr KaHaroB ur4pKyrflur4r4 BbrcoKoreMrre-
parypHbrx QnrouAoB Ir rrorpyx{eHvrtt vr3o6ar za cqer JroKarbHofi paspflEKvr
AaereHrafi (Hanopon) pacrBopoB B 3oHax orKpbrrbrx rpeul{H (prac. 4.2).
ZveHHo nporuBonorolr(Hoe rro 3HaKy r43MeHeHr4e yKa3aHHbrx [apaMerpoB
cMorro crarb [pr4r{r4Hoff ua.{aeuvrxefl npeoSpasosauuir MlrHepaJroB, crerreHb
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KOTOpbrx npqMo rrp oilopqr4oHarrbHa yp oBHro f r4Ap o AI/}]aMLrr{ecKoLl p acKpbr-
Tocrr,r Bcefi rr4rporepMaJrbHofi cncrenatt.
Cne4yroryafl, KBa3ucraur4oHapHafl craArr-fl, rrporeKarouafl B ycroBnqx
rryrbcauzoHHoro pexr4Ma r4 MaKcr4MarbHoro HaIIopa Qruora4Horo iloroKa,
cbrrparra ocHoBHyro porrb B Sopruup oBaHrrrL ua6nro4aertofi B Hacrofluree
BpeMfl, pyruofi MuHeparu3arrr4v HPII. Cym ilo rpoAyKrr4BHoervr 14 qerKo
rrpoflBr4Bureficq Mr4Hepanorr4qecKofi soHarbHocrr4, oHa 6rua nauSoree ilpo-
AoJr)KrrrersHofi, qro BloJrHe corracyerc.f, c AaHHbrMr4 no pflAy Apyrl4x II,IA-
porepMarbHbrx cr{creM 1791. Ha arofi cral.vv orMerrarocr sauSorlblIree rpo-
ABr4)KeHr,re K seNauofi rroBepxHocrr4 Sponra rr4AporepM Lr orHocuTeJrbHoe
BbrpaBHLrBaHVe B rrpeAerrax pyAHoro noJrf 3HarreHr4ft repntoluHaMl4rrecKl4x
rapaMerpoe (prac. 4.2).Teu He MeHee BbrcoKoHarropHuk xapaKrep Q:tora4-
HOfO rroToKa 14 orcyrcrBue paHee BbrTecHeHHbrx BaAo3HbIX BoA oTpHuarerlb-
Ho cKa3brBaJrr4cb ua o6pasoBa:nr4lv^ g "ocra6reuuofi" 3oue cra6unsHblx reo-
xr4Mr4r{ecKax Saprepon, oilpeAeJrfl}our}rx pyAoorJrox{eHpre. 3HaqurerIbHo
Sorsuryro porb Ha :rofi craAVLr pyAoreHe3a r4rparr4 HaABtrrr4 tr Kpyrorla-
rarcur4e rrracrbr rrecqaHr4KoB cperHefo Ir, orr{acrrr, BepxHero xap6oHa. B
coBoKyilHocrur onra oSpa3oBaJrr4 B BepxHefi. \actu fr.rAporepMarbHoit cvqe-
Mbr rycryro cerb KaHaroB, cB-fl3aHHyro na rry6nHe Ao 1-3 xnr c rraBHbIM py-
AonoABo4.flrur4M pa3rroMoM - "ocra6reHuofi" gouofi. 3a cqer nopoBofi azQ-
Syzvtt v rauQu"rmrparJur4 rrrAporepMarbHbrx pacrBopoB B rperuaHoBarble
MeJrKo- r{ cpeAHe3epHr.{crbre [ecqaHr4Krr, cyMMapHoe cer{eHze Sruou4uoro
rroroKa yBeruqurocb. 3ro rroBrreKJro roKaJrbHoe yMeHbilreHlle cxopocrefr
ero $urbrparlr4r4, froHr4)KeHrre AaBJreHu.s r,r reMrreparypbr. llpu ilaIeHLrLr HA-
paBiu4rrecKoro Harropa pyaoo6pa3yroruux rrrAporepM Ao 160- I 29 arv 14 rro-
Hrr)KeHHr4 reMreparypbr ro 150-105 'C [218], Bo3HrrKJrr4 ycroBu-fl, rrpr4 Ko-
Topbrx B HerrocpercrBesnofi 6rugocru x 6pexr{r4r4poBaHHbrM 3oHaM HaABLT-
roB (Cexyular, r{epHo6yropcxnfi, CoQuescxnfi 14 Ap.) craro Bo3MoxHbIM
B3arlMoAeficrelre r4x c BaAo3HbrMH BoAaMr4. B pe3ynbrare o6pa:onarueb
MHofor{ucreHHbre reoxr,rMr4r{ecKr4e 6apreprr, o6yc:ronl,IBrrrae MaccoBoe py-
,IIOOTIOX{CHIIE.
Oco 6 enuocrr4 rrep eMerrl eHlrfl. @p onranbHoro rroro Ka pyao o 5pa3yloul4x
pacrBopoB Ha KBa3r4crauuoHapsofi craAr4r4 Moryr 6urr npor4rlJrlocrpl4poBa-
HbI c rrcrroJrb3oBaHr4eM B KarrecrBe ocHoBbI rr,rApoAllHaMuqecxofr cerKr4, flo-
:ryueunofr B pe3yrbrare Mo.qeJrr{poBarr4fl MeroAoM sxeKTporr{IporprHa-
Mr4qecKux aHaJrorufi [65]. fpaHvuHbrMu ycroBr.lf,Mr4 rrpr4 ee rrocrpoeHI4rl ,rB-
Irfl.rr4eb rrapaMerpbr lrApoArzHaMprrrecKoro AaBreHr4q (p) pacrBopoe -1 00 o/o s
uprxuefi -uaervr rr4AporepManbHofi cncrenrst tt }oh - Ha 3eMuofi noeepxHocrl4
(przc.  4.3) .
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BocxoAqruafl pa3rpy3Ka Qra:rrpaur4oHHoro rroroKa rl4AporepM KoHr-
porupyeTcfl pa3pbrBHbrMrr c pyKTypaM[ pa3xr4rrHbrx rIop-flAKoB I4 HaxOAkrTCfr
B recHofi rra4po [laHalr'vrrrecrofi B3ar4MocBr3Lr c pacrBopaMkr, ulrpKyrllpyro-
urr4Mu B Tpeu[HoBarbrx BMerua]oruux flopoAax. 3ra B3aHMocBq3b Bblpaxa-
eTcq B qBIeHV-sx fr4ApoAr.rHaMur{ecKoro QTflrvBaHufl. pacTBopoB 113 BMe-
ruarcrqux ropoA B KoHTpoJrr,rpyrcqze crpyKTypbr, 14 Hao6opor - pacreKaHu-s
pacrBopoB p{3 3rrrx crpyKryp Bo BMeula}ouue ropoAbr [65]. B saeucl4Mocra
or Ha[paBrreHHocrr{ yKa3aHHbrx npoueccoB, fr4lpoAkrHaMr4qecKafl poJlb pac-
TBopoKoHTporrupyroulr4x crpyKTyp Mo)Ker 6rrrr pasrauuofi v oHrr Moryr
BbrrroJrHrrb KaK rroABoAflrrlyrc, raK r{ ApeHr4pyronlYrc poJrb.
B rny6aHHbrx cJroflx seNauofi Kopbr, rAe BMeularcilIr4e rropoAbr orrr4qa-
Iorcfl esrcoxofi crerreHbro KoHco rr41arvru, roBeHr4JrbHbre pacrBopbr noA Bo3-
AeffcreveNa reocrarrrr{ecKoro taBrenrrfl rr ilepuoAr4qecKu Bo3Hr4KaIoulI4x
reoAr{HaMrrr{ecKux Harrpfl>rcemvtit, rroAHr{Marorcr ro pa3roMHbrM crpyKTypaM
K noBepxHocrr4. K erunr xe crpyKTypaM [r3 oKpyx{arcurero reoJlorr.IqecKoro
rrpocrpaHcrBa ycrpeMrflrorc-s z Sruoz4rr, o6pa3oBaBrrrr4ecfl, e nrarocSepe. B
3ToM cnyqae pacrBopoKoHTporr4pyloilrr4e pa3JroMbr BbrnorHrror Qyur<quz
ApeHupyrcurux. B:l,rxe K 3eMHoil noeepxHocru,r pa3roMHbre crpyKrypbl, KaK
rrpaBuJro, pa3BerBJrflrorcfl Ha 6oree MeJrKr,re, a Bo BMeruaroulr{x flopoAax rro-
crerreHHo yBeJrr4quBalorcq rpeurr4HoBarocrb rr rropl4crocrb, rrro o6yclanru-
Baer pacreKaHr4e pacrBopoB rro pa3Jrur{HbrM KorrreKTopaM. llpu 3ToM pac-
rB op o K o Hrp o rr4pyro rur4e crpyKryp br lrfp alor p o Jrb n oAB olf IIIux.
Meraconarr4r{ecKr4e r43MeHeHLrfl Bo BMerrlarcilIr4x rropoAax r4 xapaKTep rIrA-
p orepM aruHofi Mr4Hep ar u3arrrur HPII ro3 B o Jr-rer orHe crr4 pyAo o 6p asyro rt1l{e
pacrBopbr K cynrSu4Ho-xap6oHarHo-xropr4AHoMy rlnry/ [198]. llpeo6-
ralaloilIul'4n KoMfroHeHTaMr4 pacTBopoB 3Tofo 'tvra cjry)Kar r{oHbl HaTpLrfl 14
xJropa rpr4 noAr{uHeHHoM 3Har{eHr,ru rrApoKap6oHarHoro v cy:rs$arHofo
rroHoB. Pacrnoprr HPII orruqarr{cb uleroqsofi peaxqraefi (pII 7 ,3-10,0 tI
Soree) 14 BbrcoKrrwkr KoHueHrparfir,flvru y reKr.rcrorbl (ro 40-S0%).Cyruecr-
BeHHyro porb B Hr.rx, rroMHMo pryrkr, vrpamr r{HHK, MbrrrrbflK, cypbMa, Stop,
mtrufi v 6op, a raKxe MeraH, Kr4cropoA r4 a3or [1 5 5].
VIz yxasaHHbrx xuMr4qecKr4x 3reMeHToB, xapaKTepHbrx KaK AJr.fl rI4A-
porepMarbHbrx MrrHeparoB HPfl, raK r.r rnfl pasrpy)Karorur4xc-fl raM B Ha-
crofiruee BpeM-fl eo4 rny6oKoro Sopurap oBa:uvrr, oco6rrfi LrHrepec ilpercraB-
rfler rurufi. 3ror rrrrroreHsrrfi 3JreMeHT, Bxotrfluluirr s cocraB cneqn$uqec-
Koro Mr4Hepara pryrHbrx MecropoNAeHzfi fou6acca - AoH6accvrra, o6-
Hapyx{r{Baer AoBoJrbHo recHyro Kopperfiur4oHHyro cB-fl3b (r : *0,6) co pry-
rblo B BoAax, pa3fpyxarorur4xcfl rro KoHrporr4pyrour.rM pryrHoe opyAeHeHHe




































Pzc. 4 .3 . f ulpoAr4HaMr4r{ecKafl cxeMa BocxoA-fl ruero rroroKa rrrtrporepM
s (ocna6reuuofi>) 3oHe foproncKoro reKToHrrrrecKoro y3ra (crperr<aMrl rro-
Ka3 aHbr B 03 M o)KHbr e Hanp aB r eHr4fl IB r4xeHr{r Q nro u4 o n )
1 1 1
l J  I
rropoAax 1132] cBr4AerejrbcrByer 06 oAHoBpeMeHHocrur nocryflreHHfl 3rl4x
3reMeHToB B rr4trporepMaJrbHyro cr4creMy. llplr 3ToM He lrcKrror{eHo'' rrro
Mrrrparlafl pryrr4 B pyAooSpasyrourr4x pacrBopax ocyilIecrBrlrrlacb B uleroq-
Ho-cyrb$v4usrx KoMrrJreKcax [11, 198,209,2391, B Koropblx porb ureroq-
Horo aAAeHAa BbrrtorH-fl l rrurufi. llp, pa3roxeHr4[r 3Toro KoMueKca B yc-
roBr4flx yMeHbrx eHufl rueror{Hocrr4 pacrBopa npor4cxoAuro o6pasonaHrle KaK
Kr4HoBapr4, raK u Aou6acckrra ll32l.
B rpouecce pyloreHe3a rrpu rroAbeMe rr4lporepM K noBepxHocrl4
rrpor4cxoAHro pe3Koe rratreHr.re AaBneHr{.fl, conpoBo)KAaFollleecfl BcKHfIaHI,IeM
rr4AporepMarrbHoro pacrBopa kr ero trera^:auraefi. Bcrunaune c rlo-
creAyrour4M y[JrorHeHureM 14 KoHAescaunefi rapoB (r.e. "uaponofi 6aprep",
croJrb xapaKrepnrrfi rxfl 6rrasnoeepxHocrHbrx yc:ronufr QopuzpoBaHl4t
HPn) HenpeMeHHo rrpr,rBoAr4ro K o6pasonaHr4ro pacrBopoB rroBblllreusofr
Kr.rcrorHocrr,r 1209,2321. B pesyJrbrare rrpor4cxorr4ro rrHreHcI4BHoe oKBap-
ueBaHr4e elrrusu ApeHr4pyroruux rr{AporepMarbHy}o cr4creMy pa3pblBoB,
Brrrrorb 4o o6pasoBa:e.vrfl MoHoKBapueBbrx 3oH. BcreAcrBLIe I43MeHeHIrt KI4-
crorHo-ueroqHbrx ceoficrs pacrBopoB 6rrra o6pasonaua v 3oHarbHocrb
oKoropyAHbrx fr{ApoTepMaJrrrroB - uleroqHbrM pacTBopaM cooTBeTcrByer
3oHa ron6accprrvgarJuk1 a KVcrbrM - 3oHa AuKtrrrr43awr4. Taruu o6pasont,
Ha KBa3r,rcraur4oHapuofr c alJr4r4 rro Mepe rrpoABra;KeHlzfl rr4AporepMaJIbHbIX
pacrBopoB K noBepxHocTr4 v\ rlx oxna){(AeHr4-fl ulenor{Hbre xJropr{AHble yfre-
Kr4cJrbre Snron4u pe3Ko MeHf,rrr cBoro peaKur{rc Ha Kr{cryro, Aocrr4rafl ollpe-
AereHHoro Mr4Hr{MyMa sHa.reHrafi pH (5-7), Ha KoropoM rlpoucxoAI4 r
"cdpoc" MlrHepaJrbHoro BeruecrBa 1132, 189].
3eoruouuro rr4AporepMaxrsofi cr4creMbr B rrpouecce ABIDKeHI4fl pacr-
BopoB rro pyAopacrpeAerrrcruun n plroJroKaJrr43yrorrlr4M crpyKrypau HPII
Ha KBa3ucrarlnonapuofr erap.rrur orpaxaer 3oHaJrbHocrb MLIHeparo-
o6pa:oe aHr4fl, Koropa{ Bbrpa)Kaerc{ B cMeHe cHr43y BBepx 14 c BocroKa Ha
3araA BbrcoKoreMrreparypHbrx 6aprepos 6oree Hr43KoreMneparypHbrMl4. B
3Tr.rx {e HanpaBJreHr4_f,x npor4cxoAr4T 3aKoHoMepHoe yMeHbrxeHHe KoHrpacr-
H o crr4 rp aHr4rlbr M er{Ay Ao u6 ac c r4Tc o Aepx(aurr,rMr4 vr [vrKlrtr4To B brM r4 ac c o uI4 a-
rlr{fl Mr4 Meraco Marr4roB, Koropo e Suxcupyer cyue crB oB aBIrIufi nteNAy :nprMvt
ycrofiuraerrfr uerorrHo-Kr4crroru;rfi 6aprep. Ha sroNa 6aprepe pa3pyuarrlcb
14 ocaxAarkrcr, rueror{Ho-cyruQrlAHbre (c luruen) xonrnJTeKcbr pryrrr, a TaK-
)Ke cypblr'a v MbrrrrE;rK l209l, r{To coilpoBo)KAarrocb oca)KAeHp'reM Kr4HoBapn,
aHTrrMoHkrra) pceHorrvrpura ra Qraxcauvefi rrvrvrfl s AoHSaccHTe.
B ueurpamuofi qacrvr pyAHoro rroJrr HHTeHcr4BHocrb 3Tr,rx flpoqeccoB
Aocrurra MaKcr4MyMa. OuoNeuue pyA npor4cxo rvro 3Aecb rro BceMy
Sponry cucreMbr - KaK BAoxb KaHaroB raH$ranrrpaqrroHHofo, TaK r,r rro 30-
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HaM Ar4$SysraoHHoro rrepeMerrleHnfl paatBopoB (no nrex3epHoBblM 14 Mex-
cJroeBbrM rrpocrpaHcrnatr). B "co$HeBcKr4x" 14 ".IerapHI4KcKpIX" recqaHl4Kax
Sopuupyrorcfl nJracroBbre, a B 3oHax pa3pbrBoB - ceKyluue x{urbHble tr
cro)KHbre pyAHbre rera pa3rr4r{Hbrx crpyKrypHo-uop$onofl,IqecKl4x rI4rIoB.
B ganaAsofi qacrr.r pyAHoro rroJrx, uau5oree yAaresuofi or ocHoBHoro
pyAonoABoAflulefo KaHaIra, fAe ur{pKyJrflr\r4fl qacTlrr{Ho ocrblBlrlvrx 14 rlore-
p-flBrxax Hanop rr.rAporepM rrpor4cxo Avra rryreM raHQz.nrrpawr4, 3oHa
" Saprepoo6pasoe anvrfl" Tep.flxa KoHTpacrHocrb. lloorouy pryrHafl MuHe-
parr{3auu-fl roKanr43yercfl B y3Kr4x yqacrKax rr,rAporepMarll4ToB 6pex.rzupo-
BaHHbrx HatrBr4roe (CexyilIero, HeNAauHoro, r{epHo6yropcKoro 14 Ap.), qro
orrpeAexrJrocb ceo6oAuofi ur4pKyrrfluuefi pyAoreHepr4pyroilIr4x pacrBopoB
ru{rrrb no sapr6oJree rr4ApotrHHaMur{ecKr.I orKpbrrblM KaHarraM, rAe MorrII4 Bo-
3HHKarb KoHTpacrHbre vt yctoitqr4Bbre reoxrrMr4qecKfie 6apreprr. Pacrnoprt,
npotrretrtrrue Arr4Terrbnrrfi rryrb (5-7 xu) or KaHaJra r4x rrocryrrreHr4fl, B 3Ha-
qzremHofi Mepe oxrDKAeHHbre v c6pocraerrr4e Ha pa3rr4rrHbrx 6aprepax
6omruyro qacrb pacrBopeHHoro BeruecrBa, cMorJrr4 AoHecrr4 K 3anaAHoMy
3aMbrKaHraro f proscKofr aHTr{KJu{Harru Jrurrrb sau6o:ree noABI4}KHbIe KoM-
rrreKcbr pryrr4. 3runr v o6rs.cHflercq crorrb y3Kafl, cyulecrBeHHo KrIHoBap-
r:.aflt, cneurraJrr43arrvrfl. opyAeHenr4fl, pa3B[Tofo B orofi .uacru pyAHoro tlor.f,
lr32l.
3axruoqureJrbHa.s, perpeeer4BHar cratrvfl AeflTerbHocrl4 ft{Aporep-
nrarsHofr cr4creMbr rporeKarra Ha Soue o6ruero ila4orafl rr4ApaBrnqecKoro
Hanopa pacrBopoe. OHa xapaKTepr{3oBaracb pexr,rMoM nocroflHHoro I43Me-
HeHr4.fl repnro6apr4qecKr4x rrapaMerpoB rr4AporepM, r{To rpa$uuecru I4JITIFo-
crpr{pyercfl ilorpy)KeHr{eM r{3orepM vt vrzo6ar B 3oHax reKToHVqecKI4x pa3-
pbrBoB (p"c. 4.2). Tarcas Kaprr4Ha odrqcnqercfl 3aryxaHr,reM reKroHu.recxofr
aKTr.{Br,r3ar\w v oTcryrrreHr4eM KoJroHHbr fr.{trporepManbHblx pacrBopoB
euy6r, K or{ary ee rry6nHuofr reHepaur4v. B pe3yrbrare rlopoBo-
TpeilIr4HHoe rrpocrpaHcrBo, ocso6oAr4Brxeec-fl or rr4AporepMarbHblx pacr-
BopoB,, crarro 3anoJrHflTbcq paHee BbrrecHeHHbrMlr Ha nepra$epnro ruApo-
TepMaJrbHofi cucreMbr BaAo3HbrMrr BoAanla. llepeMerrleHr4e BoA BcneA 3a or-
cryrarculrau QpoHroM rr{AporepM o6ycroe}rJro cMerrleHr4e BHu3 (e4om r<a-
HaJroB Snnrrpary;zv pacrnopon) sacrvr reoxr,rMr4r4r{ecKux 6aprepon. Crel-
crBZeM 3Toro flBJrflrorc-fl rrorlTrl noBceMecrHo Bcrper{arcilIl4ecf Qaxrrr rere-
cKonr{poBallLrfl r4HTeHcHBHbrx 14 rrrupoKr4x opeoroB ArlKKr4Trr3arJr4kr Ha KoH-
Typbr r$aryw Aou6accr4Ta:, BnJrorb Ao rrorHoro rrceBAoMop$Horo 3aMerueHl4s
rrocreAHero "rocnepyAHbrM" 4r4KKHToM l32I]. 3rra fipoueccbr pa3BprBarrr4eI',
rrper4MyruecrBeHHo, B nepxuefr qacrr4 reoJrorrrqecKoro pa3pe3a, rro or-
KpbrrF,rM r.rrrr4 rroAHoBrreHHrrnr Sv:rbrpaur4oHHbrM KaHaJraM (r<apseprr " 3auaA-
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Hoe 3aMbIKaHr4e", "lloryKyrron Hoerrfi", "getapguxcxufi"). OpeoJrbl AI4KKI{-
TV3arJvrLr HMeror reHAeHur4ro K cyx(eHrrro Ha rrySzHy v, pacceKafl 3oHbI AoH-
6accuta. pacnpocrpaHflrorcfl B Br4re y3KI4x "rurefiSoB" BAorb yqacrKoB TeK-
ronraqecxofi Tperrlr4HoBarocrr4, Hecfl B ceSe [pox{I4nKoByro KBapII-
AHKKI{TOByIO Mr4Hepanr.{3auurc c [r4pr{ToM, a I4HofAa kr c perrvr<roeofi KI4HO-
Bapbro. B npe4erax r43yr{euuoit .uacrvr pa3pe3a pyAoHocHocrb perpeccl4BHo-
ro 3Tana pa3BVTVfl crrcreMbr He MorJra 6rrru 3HarrplTelssofr no p.flAy rIpI4t{}'IH'
B ToM rrncre v3=:,a cMerrleHvrfl, Ha uy6nuy ra paso5ilIeHl4fl reoxl4Ml4qecKl4x
6aprepoe. llpra 3roM odlacm orrox{eHwr pyI\HbIX MI4HeparoB AoDKHa 6ula
paccpeAororrr4Tbcr BAorb KaHaJroB orcryrrreHkrfl KorIoHHbI rr{AporepM. 3ror
3Tan AetTeIIbHOCTpr CHCTeMbT OTpa3I4JrCr B OCHOBHOM Ha B3aI4MOOTHOIIIeHHflX
v pacrpeAeJreHnr4 HepyAHbrx Mr4HeparloB (.uuxr<rar-Aon6accur). B ro xe
BpeMfl, pyAHbre Mr4HepaJrbr, c$opurapoBaBrur4ecfl B KBa3LIcralrlroHapHylo
craAr4ro, oKa3aBrrrucb B 3oHe Aeficrsuq 6oree KucJIbIX, r{eM pyAoo6pasyro-
ruu€, pacrBopoB, He noABeprJrr4cb L'r3MeHeHkrflM.llooronay oHI4 14 Bcrper{a}or-
cfl B KoHTypax Ar4KKHToBbrx (ano4ou6accr.rronrrx) ilopoA e ueceoficrBeHHblx
rzM ilo reHe3acy accoul4alll4flx 11321.
Vracarcura.fl Bo BpeMeHr4 aKTr4BHocrb rlrAporepMartsofr cl4creMbl BbI-
pax(aracb B yMeHbrrreHrrr4 prHTeHcr4BHocrI4 Ml HepaJroo6pa:oBaHvrfl,14 B cMeHe
co6creeuHo fr,rAporepMaxbHbrx accounaunfi M14HepanoB HI43KoreMrlepa-
rypuofi Mr4Hep ar usa\weia, rp erurrH ( np e4craereHHo fi gvrrurpaMuAailbHblM
KBapueM, AtrTKKHToM, nr{pHToM u MapKa3r4ront), a 3areM - rnnuqnofr rpl-
repreHHofi, uporpeccr4pyrouefi no Mepe AeHyraqI4I4 crpyKrypbl HPII.
B ce-flsra c yBexuqeHr4eM porr4 raH$znrrpar1noHHbrx (ea4osnux) BoA Ha
perpeccueuofi craltrr4 pa3Bkrrvrfl rr4AporepMaJrbHofr c .rcreMbl, Ha HeKoropblx
yqacrKax pa3pbrBHr,rx HapyrxeHufi pazsvBaercfl. rrasefiuo BblTrHyras Kopa
BbrBerpr4BaHufl. c rr4rrr4r{HbrM Ar-fl oKr4cJrflrollll4xcfl cyJrb$raEutrx MecropoxAe-
uufi npo$nnetr. Ona xapaKTepr43yercfl, Harvril.reM rI4IrepreHHbIX rl4trpooKl4c-
roB )Kere3a, "noponmosofi" Kr4HoBapvr MapKa3HTa. 3ona BbIBerpI{BaHVfl
cMeuaercfl BHt{3 rro pa3pe3y cHHXpoHHo rrpoflBJreHnro coBpeMeuuofr TeKro-
Hr4Kr4 Lr cBr3anuofi c Hero 3po3r.roHHo-treHyAaur{oHHofi treqrerbHocrl4 U32].
Hecuorpx Ha rTocro-f,HHoe cHrrx{eHr4e 3Heprerr4rlecKoro ypoBHfl fr4x-
porepMalssofr cprcreMbl HPII B Ter{eHr4e Bcero arrcnvftcKoro reKroHt{r{ec-
KOfO 3Tafra, cJreAbI ee aKTIBHOCTT4 npo.qBllflIoTcfl BIIIOTb AO HaCTO.gtUefO
BpeMeHH. llpnsuaKaMr4 3Toro crry)Kar HeoreKToHr4qecKr,Ie oABr{)KKI'I B reo-
irorr.rqecKr4x crpyKTypax pyAHoro floJrq, aHoMarbHo Bblcorcufi renroeofi no-
ToK, cnoHTaHHoe BbrAeJreHr{e ra3oB, BbrcoKr4e ypoBHI4 BoA rry6ororo $op-
Mr4poBaHr4.r U26, 285, 2991. Bce 3ro cBulererlbcrByer o6 raunyJrbcax aK-
TtrBHocrr4 rr4AporepMaJrbsofi czcreMbr r,r rro3Borl-fler BbIIerII4Tb nocm?udpo-
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mep.MaJtbHbtit 3man oBoJrrour4r4 rr AporepManbHofi cucreMbt HPII. Sror 3TafI
rrporeKaer Ha SoHe HeoreKToHur{ecKofr axrr.rer43arryvr fop:roecrofi aurr4nIru-
Harrw, Bbrpax{arouleficq B Bo3AbrMaHVvr B Hacrotuee BpeMfl pacnono)KeHHblx
Ha ee cBoAe py4oHocHbrx KyilorbHbrx crpyKryp co cKopocrblo llo 4-5 MM B
ro4 1299]. B npeAerax 3rtrx crpyKryp Suxcupyercq 14 BblcoKafl HarrpnlKeH-
Hocrb reorepMuqecKoro rrorrfl, Koropaq ua uy6rane 1000 ru xapaKTepl43yer-
c-f, reMneparypofi uopo4 40-50 oC npr.r Qouonont 3HarreHuet 25-30'C [126].
C reorepMr4rrecKnwvt aHoMarruflMr4 rpocrpaHcrBeHHo coBrraAaror aKT?IBHbIe
oqarr4 pa3rpy3Kr4 HarropHbrx eoA, $opnrupyrcuuxc fl Ha 6orsuux r:ry6IzHar
(cnsrrrre 800-1000 u) [285]. 3ro uleroqHsre (pH 7,8-9,2) rrrApoKap6ouaruo-
xJropr{AHo-Harpr4eBbre, xJropr4AHo-Harpr4eBbre v rv xJIopI4AHo-cynr@arHo-
Harpr4eBbre BoAbr c Mr4HepaJrr43auuefi 4-16 rln B npe4e:rax HPII oHI4 Bcrpe-
rrarorcfl Ha ue6orsurofi rny6raue (50-100 rra) ua @oHe cra6ouaropHblx Ma-
roMrHepaJrr43oBaHHbrx (I-2 rh) uefirparbHbrx vrrur cra6oueror{Hblx (pH
6,8-7,4) rrrApoKap6ouarHo-cyrs@arHo-KaJrbrlr4eBbrx oA. VIsorAa oHI4 pa3-
rpy)Karorcfl B r4cror{Hr4Kax, pacrroJrara}ou}.rxcfl, HaBoAopa3Aerax ra n SoHra-
Hrrpylouzx cKBa)Kr4Hax, r{To B ueroM rrcKa)KaeT HopMaJrbHyIo fHA-
poreoxr4Mlrr{ecKyro 3oHaJrbHocrb, ycraHoBr.rBruyrocfl B npeAerax pafioHa. B
coBpeMeHHbrx BoAax uy6oxoro $opuupoBaHr,r-f, orMer{eHbl rIoBbIIrIeHHbIe
KoHueHrpar\krkr (n ur/r): pryrr4 - 0,01-0,05; 6opa - 2,6-4,8; $ropa-2,0-9,0;
MbrrrrbflKa - 0,02-0,05; nvrvrf l  - 0,2;pySvrgux - lo 0,06; IJr.:Ltf l  - lo 0,02.i l ts
HHX xapaKTepHo ilpucyrcrBue ceo6oAHbrx u pacrBopeHHblx ra3oB rry6lrH-
Horo rrpor4cxoxAeHr4fl. Brrcoxrae coAepxaH:afl COz (lo 480 nr/r), B AecqrKI4
pa3 npeBbuuarcruue QoHonrre, ycraHoBJreHbr rro rry6oxrant cKBax{I4HaM,
npo6ypeHHbrM Ha cBoAe foproecxofi aHTuKrr4Harru. llonr.rnro yrreKl4crloro
ra3a, B or{arax pa3rpy3Kr4 BoA rny6ororo $opuvrpoBaHnt rpol4cxoAl4r I4H-
TeHcI4BHoe BbrAereHr,re MeraHa, a3ora, BoAoporat, lerr4fl.' IrapoB pryrl'I 1285].
3ro ceilAereJrr,crByer xax od o6uuocrr{ nyrefi nrarpauw, TaK, pr, Bo3Mox-
Ho, o reHerr4r{ecxofr cBfl3rr pryrl4 c 3HAofeHHbIMI4 ra3aMlr.
Xunanqecr<nfi cocraB r:ry6uHHbrx BoA, pa3rpyxaroulzxc.tl B npetreJlax
HPII, cxoAeH c cocraBoM coBpeMeHHbrx rr4AporepM, orrlararoul4x cynr$u-
Abr pryrr4 [198] H ra3oBo)KrrAKr4x BKrror{eHwfi s rl4AporepMarbHblx MI4He-
parax pryrHbrx MecropoNAeuufi {ou6acca [155]. AxrraBHa.q pa3rpy3Ka BoA
r:ry6oxoro $opruupoBaHr4.fl Bbr3BaHa coBpeMeuuofr TeKToHI4.{ecxofr aK-
rwsnzarJueia L{eHrpa:rsuo-louerlKoro pa3JroMa, coilpoBo)KAa}oruefics pa3-
pr4xofi reoAr4HaMr4rrecKr4x Hanpfl xeuufi B nopoAax f op.noecxofi aHTr4KJrr4Ha-
rM. Ha ocuoBaHr4r4 rrpuBeAeHHbrx Qaxron B 3BoJrloL\vrvr fkrqporepMamuofi
cncreMbr HPII BbrAer-srcTcfl, Tpkr srana - IornAporepMarsHrrfr, rr4Aporep-
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MarbHbrfi v nocrrr4AporepMaJrbHrrfi (puc. 4.2). Osu orpa)Karor ee 3apox-
AeHr4e, pyeo 5p asyrcuyrc Ae-f, TerbHo crb 14 coBp eMeHHo e p a3BI4Tr,Ie.
llpune4eHHbre AaHHbre cBaAereJrbcrByror o roM, r{To reKToHHr{ecKI4
aKTrrBr{3rrpoBaHHbre ApeBHr.re orrafr4 pa3fpy3Kr4 fr4AporepMaxbHbrx pacrBo-
poB rrpoqBrqroTcf, B Bl/Iile coBpeMeHHbrx feoTepMr{r{ecKr,rx, fr4Apofa3oAr4Ha-
Mr4r{ecKr4x 14 rulJpofeoxr4Mlrr{ecKr4x aHoMatufi. 3ro -sereHue o6ycroueHo,
cKopee Bcefo, cyilIecTBoBaHHeM AoJIfoxr4Byrut{x feoAr4HaMr4rrecKr4 aK-
rr4BHbrx yqacrKoB 3oHbr I]eurpamuo-NoHeuKoro r:ry6nuHoro pa3roMa, Ha
Koropblx ilepnorrrLrecKr4 eo:o6HoBrflrorc.f, rrpoqeccbr KoHBeKTr4BHoro ren-
roMaccoIIepeHoca.
Oarrrr ilpoflBneHr4{ ruAporepMarbHoro MeracoMaro3a, pyroreHe3a,
coBpeMeunofi r:ry6uuuofr trefa3arJnv1 flocryilJre:nvrfl TerrrroBoro rroroKa vr
pa3rpy3Kr.r BoA rry6oxoro Qopl,rr4poBaHr{fl B npeAerax oAHr4x u roir xe yqa-
crKoB lJeurparuuo-foneuKoro pa3roMa, B IaHHoM cryqae - HPn, cBr{Ae-
TeJrbcrByror 5 orHocr4TerbHo nroroAofi, HetraBHo "yracurert" etagvrv aKTuB-
HOfO TerrJroMaccoilepeHoca, [poAyKToM Koropofo flBJrrercf fuilporepMarb-
Hafl MI4HeparrunarIuq HPII B Br4Ae Maccr4Ba MeracoMarlrroB r{ pyAHbrx 3are-
Nefi.
O eospacme pm))mHo-cypbMnHozo opydeueuun
Hurcumo lcKozo pyduo zo no.rtn
Kynona Ha cBo4e fopnoncxofi asu4Krr4Harrr:, c KoropbrMr4 crpyKrypHo
cBr3aHo pryrHo-cypbM.flHoe opy4eHeHr{e HPn' crox{eHbr rpeulr4HoBarbrMr4,
B 3Haql4Te:nsofi Mepe pa3MbrrbrMr4 KBapueBbrMr{ necqaHr4KaMa cpeAHero
r<ap6oua. Onz o6saNarorcfl Ha AHeeuofi rroBepxHocrrr vrrr4 c 6olrruuM He-
corJIacLIeM rrepeKpbrBalorc-s xafiuogofrcrcnuu orJro)KeHufl,Mrr,. Taxoe crpyK-
TypHoe rroro)(eHr4e pyAoBMerqarcilIr4x rorrilI He no3Borr_fler r4cnorb3oBarb
Arrfl oIIeHKr4 Bo3pacra opyAeHeHr4fl uara6o:ree Hatrex{Hbre, crparr4rpaQraue-
cKr4e Kpr4repr4 u 129 51.
llpo6nenrarnrreH 14 reHe3uc pyaoo6pa3yrorur4x pacrBopoB 1671. flo-
ryqeHHble B IIocrreAHHe folbr rr3oToilHo-feoxHMr4qecKr4e AaHHbre yKa3brBa-
ror Ha I4x cMerrrauHufi, roBeHr4rbHo-ceAr4MeHToreHHo-r.rHQrarurpaquoHurrfi
cocraB c npeodraAaHueM nrasrnfisofi cocraBrflrouleir 167 , 278, 255,3 1 6].
MoulHrte $asrr reKToreHe3a, ilpo{Br4Brrrecfl B perr4oHe Harrvrnafl. c
no3AHefepur4HcKofo BpeMeHr.r, HeoAHoKparHo coilpoBolKlaJrr4cb BHeApeHH-
eM rl4trporepM rro 3oHe I-{eurpanruo-[oneuKoro pa3JroMa. OO sroM cBkt-
AereJlbcrByer 3oHaJrbHocrb rr4AporepnralrHofi Mr4HepaJru3arrrvr Ha HPII
1112,316]. llo:rouy Her ocHoBaHui4 ceszbrBarb BpeM.f, nocrynreHvrfl rep-
MaIbHbIX pacTBOpOB, CQOpMHpOBaBrrrr4x pryTHO-CypbMflHOe OpyAeHeHr4e
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HzxuroeKlr, r{cKrrroqurerbHo c rrpoflBreHl{eM Aafixoeoro MarM atuzva 122]
vrv c adcolrorHbrM Bo3pacroM Mr.rHepaJroB I43 BMeula[oilInx, rl4AporepMarlb-
Ho r43MeHeHHbrx nopoA 167 ,255,3161.
llocxorsxy :apr crparr4rpaSuuecxoe rroroxeHrre pyAoBMeurarcul4x
Torrq, Hpr ilpr4poAa fprApoTepMaJrbHbrx pacTBopoB He AaroT oTBeTa Ha Bonpoc
o Bo3pacre opyAeHeHar HPII, oH -sBrflercfl sau6olee AI4cKyccI4oHHbIM.
CyuecrBylor rpr4 rr4rrore3br, corracHo KoropblM ero @opurapoBaHl4e o6y-
croBJreHo: a) an4esuT-Tpaxr4aHre3uToBbrM MarMarI43MoM, BpeMfl IIpoflBJIe-
Htlfl Koroporo Aarr4pyercr nSa"nrucxofi $asofi rro3AHefepllr.IHcKoro opofe-
He3a l22l; 6) ilocryrrJreHr4eM pyAoreHepr4pyrolll4x reJIerepMaJIE,HHX rlo-
crMarMarprqecKr4x pacrBopoB Ha Kr4MMepuficr<onr reKToHI4rrecKoM zrane 167,
255, 316]; B) pa3rpy:xofi roBeHurbHbrx pacrBopoB Ho 3oHe [eHrpanbHo-
Aoueurofo pa3roMa B tapatvrurfi,cKyro $asy arl.,nvritcKoro reKroreHe:a [28,
85,217,218]. 3ru fr4rrore3br, ocHoBaHHbre ua a6corlorl43alll4t{ orAerbHblx,
aMeroilrrrx Mecro B reororr,r.{ecKofi vrcrop:lrvr /{oH6acca co6rtrnxx, rlerKo
yfl3Br4Mbr Anq KprrrrrKr{. ilts [poBepKu tt olocHoBaHl{q rcaKofi-rn6o r43 Hrrx
aBTOpOM [porr3BeleHbr pacr{erbr Bo3pacTa opyAeHel{ttfl,, I4cxoAHbIMLI AaH-
HbrM?r Arr Koropbrx rrocJryx{r4ru{: TepMoArrHaMI4rIecKa-s o6crauoBKa pyAoor-
ro)KeHr4fl, BepxHfl-fl ilareorpaHr,rua vr Beprr4KaruHufi pa3Max o6pasonaHufl
pyA, coBpeMeHHoe ilpocrpaHcrBeHHoe noJroxreHr,le pyAoHocHbIX fopI43oHToB
il Berr{qr{Ha 3po3r4oHHoro cpe3a fnasHofi aHrp{KJrI{HaIrv 12951. Pacqerbl oc-
HoBaHbr Ha rrpuBeAeHsofi HHx{e irorllr{ecxofr cxente.
Haqusafl, c 3aal.rcxofi Sa:rr repur4HcKoro reKroreHesa (P2), rpoqBI4B-
neficq oKoro 250 MJrH. Jrer Ha3aA:, npoucxoAl4ilo Bo3AbIMaHLIe nareo-
gofrcxoro Bbrcryrra cKraArraroro fiou6acca, coilpoBox{AaBureecq oIHoBpe-
MeHHbrM pa3MbrBoM ero npunoAHxrofi, qacrl4. K Hacrofl[IeMy BpeMeHH Be-
ilvrrvr*a 3po3r4oHHoro cpe3a trocrr{raer 5-6 xu [25]. IrlcxoAfl rr3 3roro, IIpa-
BOMepHO [peArroAo)KrrTb, rrro cpeAHq-f, cKopocTb pa3MbIBa coilocraBllMa co
cpegHefi serv.{uHofi Bocxorflulux Aenx(eHufi 14 cocraBJT-ser: 6'106 MM:
25.I01 Jrer - z.rc2 MM B roa (xoppeKrHocrb raKoro pacrlera orpeAer-f,ercq
3arcosou Sommur uucer).
AHarus ycnoeufr o6pa:oea:nr4s. ra3oBo-xrr4AKHX BKrror{eHvit s rI,IApo-
TepMaxbHbrx Mr4Hepanax r43 HPn rro3Borr4n orrpeAerlurb repMoAI4HaMI4r{e-
cKylo o 6 craH oBKy pyAo orro xe :nkrfl'. cp eAHrfi reMnep aryp a o 6p a:oe aHufl. Ktl-
HoBapr4 - 150-100oC, a AaBreHve - 160-120 arv,. Cytx ro ycraHoBreHHoMy
nareo6apurrecKoMy pexl4My, BepxH.sfl rpaHulla Qopuup oBaH:afl pyr Haxo-
ilvr'aab na rny6r4He oKono 1000 u, a Beprr4Kamnrrfr pa3Max pryrHoro opy-
.qeHeHrr-fl rrpu reMneparypHoM rpaAr4eHre 5o sa 100 u oueHuBaerc-f,, trpv-
MepHo, s 2000 w 167 ,2I8,2551.
1  , 1 4
l + J
B coBpeMeHHbrfi rrepr{oA pyAHbre reJra HPII BbrBeAeHbI Ha AHeBHyIo
rroBepxHocrb. llper 3roM, cy4fl rro rrareocrpyKrypuofr peKoHcrpyKul4r{ rpo-
tryKTr.rBHbrx ropr{3oHToB ("co$neBcKr4e" rrecqaHru<u), oxo:ro 200 M r4x pa3pe-
3a Ssrro AeHyAr4poBaHo. CreAoearerrbHo, rrocJre 3aBeprreHr4-s pyAoreHe3a
noxr,eM f rasHofi aHTrrKrur HaIrr4 cocraBr4r :
1 000 na + 200v : 1200n . r4rrr4 I 2' 1 05 unr
OrcroAa, BpeM-fl, rrporxeArxee c MoMeHTa 3aBepueHzr SopMrrpoBaHr4t
pTyTHO-CypbM_f,HOfO OpyAeHeHvrfr) OilpeAerfleTcfl KaK qacTHoe oT AerreHafl
cyMMapHofi eerilqprHbr rroAbeMa fnaenofi aHTr4Krr,rHarrtrt_Ha cpeAHroro cKo-
pocrb 3roro npoqecca: 72.10' nrnr : 2.10-' nru/roA : 6.10' rer (60 urH. ler),
r{To co orB ercrByer JrapaMufi cxofi Q as e atrcnutitcKoro reKTo HprqecKoro 3Tarr a
l2esl.
Taxanr o6pasou, xor-q [por43BereHHbre pacr{erbr 14 He qBr-flrorc s 6ec-
cIIOpHbrMVr, OHr4 CIy}KaT ilOATBepXAeHr4eM fr4rroTe3br O MOJTOIOM, rrOCJreMe-
roBoM Bo3pacre pryrHo-cypbMqHoro opyAeHeHr-q Huxr4roBcKoro pyAHoro
florfl. f aHuufi BbrBoA noAKpen rrerefl, B r{acrHocrr4, o6HapyNeHpreM He
rorbKo BbrcoKr.rx KoHueHrparyufi pryrr4 - Ao 350-750.10-o, Ho pr MerKo4r4c-
nepcHbrx Kpr4cTanIroB KrrHoBapr4 B HeofeHoBbrx r43BecTKoBbrx frr4Hax r,r cyf-
rruHKax, Koropbre coxpaHr4rncb B rrpeAeJrax C:raesHcKoro pryrHo-
froJrr4Meraur4qecKoro pyAorrpoflBroukr4 pacnoJro)r{eHHoro e 50-60 xu ceBe-
po-3anaAuee HPII [ 1 45].
Oco1euuocmu paspyueHun pmymHozo pyd eueuun
PaspyureHue pryrHbrx, KaK H Apyrr4x Mr4HepanoB, rrpovcxoAr4T rraB-
HrIM o6pasou 3a cqer B3arrMoAeficrera-fl c i pupoAHbrMr4 BoIaMr4. 3ra npo-
6renta paccMarptrBaracr e rplAax MHorr4x yr{eHsrx II l ,  ]5,76,251,327,
346, 355, 366 u rp.]. OAuaxo efi y4enrrocb 3Har{r4rerbHo MeHbrrre BH}rMa-
HLrfl , qeM rp oueccaM Q opnarzp oBaHr4fl pryrHbrx Mecrop oxleuufr .
Paspyrueurae pryrHbrx sarexefi npr4poAHbrMr4 BoAaMr4 rrpor4cxoAr4T
or{eHr, MeAJreHHo, rrocKonbKy ocHoBHofi pylusrfi nruuepaJr - Kr4HoBapb (HgS)
orrl4r{aercfl ycrofi.{ileocrbro B pa3rurrHbrx cpeAax. Tpy4HopacrBopuuofr rn-
I_f,ercfl 14 caMopoAHafl pTyTb.
Han6onee I4HTeHcr4BHbre rrpoueccbr pa3pyrueHn-fl pryrHbrx Mr4HepaJroB
rpoucxoArr, rro-BrrAuMoMy, e rny6lrHHbrx cJro.f,x seuHofi Kopbr. 34ecr, B yc-
roBLIflx BblcoKrrx reMileparyp r4 AaBJreHr4ft, reryvecrb pryrr4 Bo3pacraer, a
noA3eMHbIe BoAbr orirr4rrarorcq xr4Mr,rqecxofi arpecclrBHocrbro. 3ro o6ycraB-
rl4Baercfl He roJIbKo r4x KucJrorHo-ruero.rHofr peaKurrefi (or crrrbHo Kr,rcirbrx
c pH I,5-2,0 Ao cr,rJrbHo rueJror{Hbrx c pH or 11 Ao 12), uo v npvrcyrcrBr4eM
3HAoreHHbIX ra3oB (e uacrHocrr4, BoAopoAa r4 yrreKr4cJrorbr), roropbre cno-
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co6creyror rrporeKaHprro xr4Mr,rqecKr4x peaxuprfi BbIIrIenaquBaHVfl 14 pacrBo-
peHr4r pryrHbrx Mr4HepaJron. CnpaBetrJrr4Bocrb 3Toro rrpetriloroxeHufl noA-
TBep)KAaerc.fl pr pe3yJrbrarautr 3KclepuMeHTarrbHbrx r4ccrerosatuir 1209,
27 I, 344, 355]. OAHarco, raKr4e 3KcrrepuMeHraJrbHo M Aerr{pyeMbre npouec-
cbr r4HTeHcuBHoro pa3pynenvrfl pryrHbrx pye s ycroBrqx loHeuKoro rpo-
ru6a Moryr rrporeKarb rr{rxb Ha rry6vrle'ax, 3Halrr4TerbHo npeBbrrrrarcurzx
r,rHTepBaJr coBpeMeHHoro 3areraHr4fl pryrHo-cypbMrHofo opyAeHeHers HPfl.
flo:rony 3Aecb SHIoreHHrre Saxropbr He oKa3brBaroT 6ommoro Brrr{-flHvrfl Ha
pa3pyueHr4e pryrHbrx sareNefi. Jlulrrr B rrpeAerax troJrroxlrByrrrax or{aroB
pa3rpy3Kr,r reoxr4Mur{ecKu aHoMaJrbHbrx ry6uHubrx Bor, pac[orox{eHHbrx B
3OHaX pyAOKOHTpOrrzpyrcu{UX pa3XOMOB, HHTeHCHBHOCTb pa3pyrrreHr4fl
pryrHblx pyg 3aMerHo yBerurruBaercfl. Ha ?Tr4x yrracrKax rrponcxoAr4T
uop$onornr{ecKoe r{3MeHeHr4e 14 3aMeuIeHVe pryrHbrx Mr4HepaJroB, Koropoe
npI4BoAZT K pa3pyrrreHr4ro 14 BvrlJow3MeHeHr4ro pytrHbrx rer. Taxue frBrrelulzfl
Ha6rroAarvcb aBTopoM Ha yrracrrce "lloryKyrlor HoerIfi" HPII.
B rnnepreHHbrx ycroBr4-f,x pa3pyueHrre pryrHbrx Mr4Heparon san6oree
I,IHTeHcrrBHo [poreKaer B 3oHe oKr4creHnq. Ho trarxe 3Aecb r43MeHeHkrs, B Lrx
crpyKType Bepof,THbr Jrr4rrrb rrpr4 Harrvrqw qerroro pxta 6raronpr4flTHbrx
QaxropoB, Koropbre, ilpex{re Bcero, BKJr}oqaror ycroBr4q 3aJreraHr4q pyAHbrx
reJr H xapaKTep KoHTaKTr4pyroruux c Hp{Mr.r ilpr4poAHbrx BoA. llp, 3roM B
cLlcreMe "nopo4a-Bo4a" [poucxoAflT npoueccbr KaK MexaHLlqecKofo, TaK p{
S ra s ux o - xr4 M r4r{ e c K o r o p a3py ur e H r4-q K r{ H o B ap 14 .
Cp e4ra ny6nnra \rrir, rro cBfl rrleHHbrx reox?rMr,r k pry rr4 B rr4nep reHHbrx
ycJloBr4-qx, cJrelyer BbrAerurb MoHofpaQzro 12401, B Koropofilna ocHoBaHr4rr
anaIrr43a r4Meroulr4xc,a AaHHbrx r{ 3Kcnepr4MeHTarbHbrx 4ccreAosaHufr, oxa-
p aKTepr43 oB aHo rroB eAeHrre Kr4HoBapkr B 3 oHe oKr.rcJreHHr.
PaspyueHue pryrHbrx Mr4HeparoB  3oHe rr{rrepreHe3a oilpeAerrflercfl
rlerrbrM pqAoM $axropoB, cpeAr4 Koropbrx uo 8.3. Oypcony (1985) Hara6oree
Ba)KHLIMr,r flBJrfirorcr: SopMbr HaxoxgeHr4fl pryrr4 B pyAHbrx rerax; crerreHb
pa3Br{Tr,rfl 3oHbr oKr4cJreHkrfl; lnarr4r{ue reKToHr,rqecKr4x rperqr{H; oco6essoc-
TV AUHaMprKr4 rrOA3eMHbrX BOA; XapaKTep [OBepXHOCTHbTX pbrxrbrx OTJIO)Ke-
uwi't.
Cre4yer orMeruTb, rrro rroMr4Mo yKa3aHHux Sar<ropoB cyuecrBeHHoe,
a Bo MHOfLIX Cryrraflx r4 perxarcuee 3Har{eHr,re B [poqeccax BbrrrleraqprBaHkrfl.
14 pacrBopeHlafl pryrHbrx MlrHeparoB prMeror reoxr4Mrrr{ecKlre oco6eHHocrr,r
flp]rpoAHbrx BoA, KoHTaKTr4py]oq]rx c pyAHbrMr4 TerraMr4. ZrreHHo prx reoxr{-
Mr4LrecKHM TI4nOM, MI4KpOSIeMeHTHIIM 14 fa3OBbIM COCTaBOM, eerU.IIaHOfi
MlrHepanvr3ar\rrr4, Kr4crrorHo-rueror{uofi pearcunefi r4 TeMrreparypofi oilpeAe-
rfltorc-f, napaMerpbr cyuecrBoBaHl4fl crrcreMbr "nopo4a-Bo4a", B xoropofi
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ilpoucxotrqT pa3rr4r{Hbre [peoopa3oBaHr4-s Mr4HepanbHofo BeIIIecTBa fopHbIX
rropoA.
I4cxo4n H3 3roro, paccMorpr4M HeKoropsre oco6eHHocrl4 pa3pytueHl4r
pryrHo-cypbM.rHoro opytreHeHufl B rrpeAerax HPI[.
Hara6onee roABep)KeHbr pa3pymeHr4ro rerKoJreryque Sopir,ru pTyrl4' B
qacrHocrr,r, 3reMeHTapHax (cauopo4Hax) pryrb, TeHAeHur4fl ilepexoAa B Ko-
ropyro xapaKTepHa Ar.f, ruo6rrx ee coeAr{ueuufi B 3oHe oKrrcJreHws. Ha Hu-
KT4TOBCKOM eCTOpOXAeHI4I4 OCHOBHbTM VI) ilpaKTur{ecKrr, etrIIHCTBeHHF,IM
pyAHbrM Mr4HepaJroM pryrlr rBrflercr rpyAHopacrBopumrrfr cyns$ra4 - KH-
HoBapb (HgS). Pacrnopr4Mocrb ee B BoAe npa HopMarbHbrx ycroBr4flx paBHa
' r  t ^ - 5 i  I  r  3.10-" nrr/r 12401. llo:ronry iloA BrrrflHkreM npoqeccoB oK!{creHr4fl pa3py-
rrreHrre Mr{Hepara nporeKaer no3rarrHo, B HecKoJrbKo craAuia l35B]. Ha nep-
eofi cra4:ar4 Hapyuarorcfl. eBflsu B Kpr.rcraJrrr.rqecxofi peruerKe KrrHoBapr4, a
Ha rrocJreAyroqux - [por4cxoAr4T oKr4cleHr4e e Ao pacTBopr,rMofo B BoAe
cyrr$ara p-r>/rkr (Hg2SOa) u uepeBoA B r4oHHyro Sopry. 3rz peaKur4r4 co-
frpoBox(trarcTcfl BbrAereHrreM Terrra, copS\uei,t HoHoB r,r KorroI4AoB pryrlr
pa3rr4rrHbrMr.r (uacro - x{eJre3rrcrbrMr4) naraneparrauvr r ryMycoM, a raKxe
rrpoqeccaMr4 r43onropQra:ua pryrr4 c xr4Mr4r{ecKr,rMr4 3reMeHTalrrvr, uMerourHMI4
5ru1:xue r{oHHbre paqvryabr. B qacrHocrr4, rrrr4poKo r.r3BecrHo -rrBrleHr4e I43o'
uopSra:naa 6aput pr pryrkr, r{oHHbre paavycbr Koropbrx paBHbr I,43 4,. B pe-
3yrbrare coAepx{aHr4e pryrr,r B 6apurax Aocrr4raer 0,51 % 1250]. A.@. fo-
poeofr (1987) orMer{aer, r{To na HPII rpaKTr.rr{ecKr4 noBceMecrHo ycraHoB-
reHo pa3beAaHr4e Kr.rHoBapkr IJvrKKvrroM, Koropoe ilporeKa:ro c pa3rrvrquoff
I4HTeHcr4BHocrbro 14 rrpr4Bero K o6pasoeaHr4ro KoppoAr4poBaHHbrx 3epeH MI4-
Hepara t85] Ha yuacrKax uauSoruurero pasBurr4r rrpoueccoB 3aMeuleHr4t
HepeAKo orMer{aer0f vr caMoe 3Harrr4TeJrbHoe BbrBerpr4BaHne pyAHbrx Mr4He-
paroB. llocre4Hee 3aBr{cr.rr B ocHoBHoM or crerreHr4 pa3Bkrrufl 3oHbr oKr{cJre-
Hr4fl, Koropafl na HPII KoHTporupyerc.rr eKToHr4qecxofi r,r 3K3orenHofi rpe-
rur4HoBarocrbro B nopoAax rcap6oHa14 o6rrqHo He lpeBbrrrraer rry6r,rHrr 100-
120 rvr. l{pta 3ToM BeAyulyro poJrb r{rparor reKToHr4rrecKr.re rp rrlr4Hbr, Koro-
pbre cJry)KaT ocHoBHbrMlr KaHaraMr4 rlr4pKynflurlkr BoAHbrx pacTBopoB rr fa-
goe. O rnyduue pa3Br4Tuq ra oco6eHHocrflx 3oHbr oKr4creHvrfl Ha HPII MoxrHo
cyAr4rb rro pe3yrbraraM ee r43yqenr4fl Ha oAHoM r43 MecropoxAeHuir, - Xe-
re3HrHcKoM. 3Aecr, B 3aBtrcvMocrr4 or rny6r4Hbr pacnorolKeHnr pyAoHoc-
HbIX recqaHl4KoB co$uencxofr roJrulu (hlSh3) or AueeHofi noBepxHocrl4
MrrKpocKorrnqecKr4 v xr4Mr4r{ecKu yAaJrocb rrpocjreAr,rTb cocTo_qHr,re MafH[e-
cl4Aepr4ToBoro IeMeHTa. Tar, 4o rry6r.rHbr 50 na Bcrpeqaercfl r,rcKrrorrr4Terb-
Ho xeJregv crlrfi ueMeHT, o6pasoa asLxvia,cfl, 3a cr{er oKr4crreHraq Fe-Mg Kap-
Sonaroe. B nurepBaJre rry6rzu 50-70 M rrpr4cyrcrByer KaK xeJresncrrrfr qe-
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MeHT, TaK H noJryoKr4cxeHHbrfi Fe-Mg rcap6oHat.VI roJIbKo HIr)Ke, ua rrySu-
He cBbrrue 80-90 na, o6uapyxeH HeBbrBerpensrfi xap6onarHrtfi ueMeHr ["S+]
flo AassbrM xr4Mr4rrecKoro aHarrvrca Ao rry6zurr 53 rr,r oKLIcb xene3a (Fe'-) n
10-15 pa3 npeo6raAaer Hatr 3aKr4cuo (Fe'-).8 r4HrepBarc 53-67 M Kornr{e-
crBa )KeJre3a o6enr @opr rpr4MepHo paBHbr. A rry6x{e, Ha r:ry6nuax cBbIIrIe
70-80 M )r(ere3a B 3aKrrcuofi Sopnae e 20-30 pas 6o:rbrle, r{eM B orcr'Icuofr.
KaK ceraAererbcrByror pe3yrbrarbr aHarrvga BoAHbIX BbITt)KeK I,I3 BblBerpe-
rbrx coSuencKr4x rrecr{aHuKoB, HaxoAflrrluxc-s B 3oHe oKrrcJleHvrfl, no BerH-
qr{He pH (6,6-6,9) no43eMHbre BoAbr srofi 3oHbr orHoc.rrc.fl K cra6oxncJrblM 14
rro KoHueHTpaurr4 r4oHoB oAopoAa coorBercrByror aruocQepHblM ocaAKaM.
OAnznr r43 Bax{Hefiurux QaxropoB pa3pyuenvrr pryrHoro opyAeHeHl4q
flBrflercfl lJvrlnal.rrlaKa rroA3eMHbIX BoA. I{enr Bblrrre cKopocrr, I4x ABlrxeHI,Ifl,
.{ev 6orbrrrr4e o6teurr BoAbr Bcryrraror Bo B3ar4MoAefrcrene c MI4HepaIraMtr,
TeM r4HTeHCr4BHee IIpOUCXOAflT rrpoqeccbr BbrrUerarr[BaHkrfl 14 pacrBopeHkrn.
B rlelovr , nrrfl foproecxofi aurzKrrr4HaJrr4 xapaKTepHo pa3Burr4e ropI43oHToB
BbrcoKoHa[opHbrx soA, s 6oruuux o6seMax ul4pKyrlnpyroulrx B TpeuI,IH-
Hbrx KorreKTopax. llo:ronry fiepexoA pryrr{ B rroABI4xHbIe, BoAopacrBopu-
Mbre Qopusr npor4cxoAr4T rrocro.f,HHo. O4Haxo, BBr4Ay r4HTeHcI4BHocrr.I BoAo-
o6nreHa ee KoHueHTpaur4u n vH$r4JrbrpauuoHHbrx Borax perKo ilpeBblllraror
1'10-4 narir. B ro x{e BpeMq, KaK noKa3arr4 pe3ynbrarbr rrpoBeAeHHbIX aBTo-
poM r4ccJreAovamuit, BoAbr^ rly6oxoro SopnanpoBaHkrfl. coAepx{ar pryrb B
KoHueHrparlr4-f,x Ao 1 -5.70-' ur/:r. B sacroflruee BpeMq rry6raua rpeHl{poBa-
Hrrfl rroA3eMHbrx eoA, Bbr3BaHHafl pa3BeAr<ofi 14 oKcilryataq:r'efi MecropoxAe-
unfi HPII 3Har{r4TeJrbHo Bo3pocra. 3ro rroBreKJro pe3Koe [oHI4)KeHI4e nbe3o-
MerpurrecKr4x yponuefi BoAoHocHbrx ropr43oHron xap6oHa I{ yMeHbIrIeHI,Ie zx
yqacrLrfl B BoAoo6nreue 3oHbr rr4rrepreHe3a. OcuoeHyro porb B pa3pymenr4pl
Mr4HeparoB pryrr4 14 cypbMbr Ha coBpeMeHHoM 3Tarre r4rpalor BoAbI ceo6oA-
uofi aHSr4rbrpau[[, [poHaKarourr4e no rpeurr4HaM K pyAHbIM TeJIaM. Ho ux
Korr4rrecrBo He o6ecneqvrBaer nporeKaHr4fl rrpoueccoB pacrBop envrfl 14 BbI-
ilIexaqr4Ba:uur BerrlecrBa B ilpex{uux o6reMax.
Haru'rue pbrxrbrx qerBeprr4r{Hbrx orJro)KeHrafi ntorqHocrbro l-2 w, ne-
peKpbrBaroruux pyAoHocHbre roJuqn cpeAHero nap6ona, TaKx{e Brl4.qer Ha
rpoqeccbr pa3pyrrreHrrfl opyAeHeHr4fl,. Oura xapaKTepr{3yrorcfl IIoBbllrlesuofi
fropr4crocrbro tr soAooSurbHocrbro, Koropbre rrpflMo flpolopuuoHaJlbHbl
yAerbHbrnr o6serraM BoAbr, nocryrrarcilIr4M B oKorropyAHoe ilpocrpaHcrBo a3
30Hbr  a lpauHH.
Bce erz Sarroprr e rofi utr4 vrHofi nepe oKa3brBaror Brr4-flHr{e Ha pa3-
pyrxeHr4e pryrHbrx Mecropox{AeHnfr. OlHaro san6oree BaxHbrM r43 Hr4x flB-
r.qercr feoxr4Mr4rrecKaq KT[rBHocrb rrpupoAHbrx BoI 14 coAep)Karuzxcfl B HI4x
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fa3oB, Koropbre HeilocpeAcTBeHHo yr{acrByroT B rrpoueccax pacTBopeHr4fl,
3 aMerueHkrfl vr flep eHo c a pryrHbrx Mr{Hep aJroB.
Pa:pyrueHrre pryrHbrx Mr4HepaxoB rrpor4cxoAr4T He roJrbKo B aHoMarb-
HIIX rcucrofr HJrr4 [Ieroqsofi cpeAax, Ho r4 npn o6urrHbrx ycrroBrr{x. 3rccne-
prrMeHTaJrbHbrMr4 r4ccJreAoBa]H]af^wkr ycTaHoBJreHa Bo3MoxHocT6 nepexoAa
pryrl4 B pacrBop rrpu B3auMotreitcreuu Kr4HoBapr4:, Merarrrr4r{ecKoit ptyrv n
I4cKyccreeunofi cepHncrofr pryrkr c ilr4arr4JrJrnpoeaHHofi e lofi. llpra 3ToM
H3 HaBecKI4 Ml4Hepana 0,5 r B rer{eHr4e 12 Mec-flueB pryrb nepexoAr,rr B pac-
rBop B Korl4rrecrBax Ao n.10-+ nrr/r []. Taxue coAep]Kalprfl BrrorHe conoc-
raBI,IN,{bI c SouoebrMr4 KoHueHTpar\LrrMr4 pryrrr B rroA3eMHbrx Botrax Aoneq-
xofi pryrrrofi upo Br4Hr\r4r4.
B 3oHe oKl4creHufl, r{arue Bcero o6pa^:yroueficq B Me)KTperqHHHbrx
ilpocTpaHcTBax, pa3pyueHr4e KprHoBapr4 fopa3Ao HHTeHcr{BHee [potrcxoAr,rT
B npl4cyrcrBl4r.r pa3rr4r{Hbrx oKr4cru.rre:refi, cpeilv Koropbrx ocHoBHyro porb
Llrparor KI4cJropoA, ilepeKr{cb BoAopoAa ra cym$ar xerreza. Haulonee pac-
npocrpaHeuurrfr z3 Hr4x - KrrcropoA, rrpr4cyrcrByror\vfi, [paKTr4r{ecKr4, B Bo-
Aax Bcex fopI43oHToB epxuefr .{acrr4 rr4Apoc$eprr, npuueu caMbre BbrcoKrre
ero KoHueHTpar\uu - B arurocSepHbrx ocaAKax r{ rroBepxHocrHbrx Borax.
fleper<ucb BoAop o[d, Ilocryrrarcuafl B noA3eMHbre BoAbr ]r3 arnroc$epbr, flB-
rlflercfl eue 6oree cHJrbHbrM oKacJrr,rreJreM. Ee eostrefrcrBne B 20-30 pa3
yBerur{HBaer rlepexoA pryrrr B pacrBop. Kponae roro, BaxHbrM KoMrroHeH-
roM, cnocoScrByrourr{M repeBo4y cym$u4a pryrr4 B BoAopacrnoprauufr
cyrsQar, -sBrqercr cynr$ar )(eJre3a.
Ilpoqeccbl, rlpor4cxoA-flrur4e B 3oHe rr4rrepreHe3a noA AeficrBrzeM yKa-
3aHHbIX oKrlcrrrrenefi r4Meror 3KcnepuMeHTaJrbHoe noATBepxAeHr{e. Tar<,
orIbITL,I rro oKl{crreHrrro KucropoAoM Kr4HoBapr4, HaxoArrrlefi,cs B rlupKyrr4-
pyrcruefi BoAe, noKa3anu, r{ro B reqeHr.re 10-20 q. B pacrBop neperxJro pryrr4
Ha ropflIox 5o:rbrrre ( l-2'103 o ), rreM B BoAHbre Bbrr-s)KKu (3-6'tO1N1.l lp,
3ToM Ha IloBepxHocrr4 o6pasqa Kr4HoBapra o6pasoBarracb roporrrKoo6pasuax
oKl4cb pryrr4. B cnyuae sogAefrcrBuq Ha HaBecKy KtrHoBapr4, pas6anresuofi
repeKl4c6ro BoAopo1a, nocryrrreHr4e pryrr4 B pacrBop 3a 10-30 qac Aocrr,rr-
:ro 1'10-' %. B sroM cryqae raKlr(e oSpasyercfl oKr4cb pryrn. llpvcyrcrBue B
BoAHoM pacrBope cynrQaroB xere3a r4rpaer eaNHefiuyro porb B oKr4cre-
Hr4r4 KvrHoBapI4 4o cy:nSara pryrra. llpu 3roM rrepexotr pryrr4 B pacrBop, rro
cpaBHeHr4ro c BoAHITMH BbrrflxKaMr4, Bo3pacraer e 10- 15 paz 12401.
flpoeepxa poxr4 6axrepnfi Thiobacillus ferrooxidans B oKrrcreHr4vr : .vr-
HOBapH IIOKa3aJIa rIpaKTr4r{eCKOe OTCyTCTBT49 tlx Brrr4flHnfl Ha 3TOT rrpOUeCC
(Paseurcoea, Canrofiloea, I97 5).
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Ha ocHoBaHprr{ reororr{r{ecKl4x na6nroAeuuit v 3KcnepI4MeHTaJIbHbIX
HccreAosaHuia MoxHo cAeJrarb BbrBoA o roM, rrro Hau6oree cyulecrBeHHble
rpoueccbr oKrrcJr eHr4fl pryrHo-cypbMflHoro opy4eHeHnq HPII ilporeKalor Ao
rry6zn 70-90 n. llpra sroM pa3pyueHr4e pyAHbrx sarexefr BoAHbrM pacrBo-
poM npor4cxoAr4T rroA Bo3AeficreueM rJraBHrru o6pa3oM Kr.rcxopoAa, [epeKr4-
cp{ BoAopo.ua u cynr@ara xere3a, Koropbre cnoco6crByror nepeBoAy ycrofi-
r{I4Boro cyrmSuga pryrr4 B BotropacrBopr4Mbre oKLrcHyro 14 cymQarHy}o
Sopnarr.
B npoqecce pa3pyrrreHur pryruofi Mr4HepaJrrnarp4lr na HPII 14 pyAo-
ilpo.qBreHr4flx I]eHrpanbHoro lou6acca 3a rrepr4oA rrocrreAHero uHKJra Botro-
oSveua B rroA3eMHbre BoAbr nocroflHHo rrocryrrara pryrb. 3ro npuBero K
SopurapoBaHr4ro perr4oHaJrbHoro r4rporeoxr4Mr4qecKoro Soua 3reMeHTa, co-
craBrflroruero n.10-* rm/:r. r{ro x{e Kacaerc.fl KoHueHTparyuit, flpeBbrrrra-
FotuHX SoHoerre Ha 1-2 v 6oree [opflxKoB, To ilpoacxox(AeH]re zx, cKopee
Bcero, cBq3aHo KaK c pa3rpy3Kofi r:ry6raHHbrx pryroHocHbrx Qruora4oB, raK H
c TexHofeHHbrM 3afp.fl3HeHrreM rroA3eMHbrx BoI.
4.1.2. f lonpono-KupeeBcKoe MecropolKAeHu e Srroopura
EoruuuHcrBo fr4AporepMarrbHbrx MecropoNp.euufi, Snroopvra c$op-
Ml4poBaJrocb Ha rrocJrecKraAqaroM 3Tane pa3Btr'tvrfl naJreo3oficrrax nporuSon
14 reocuHKrll4HaJrefr, e souax conp{x(eHl4fl rrocreAHrrx c )KecrKr4MH Bbrcryrra-
uu QynraMeHTa. Mecropo)KAeHr{x Qnroopvra, paciloJroxeHHbre Ha crbrKax
pa3HopoAHbrx reororr4r{ecKr4x crpyKTyp 14 cBfl3aHHbre c Kr4MMepuficxofi TeK-
ToHoMaruaruqecxofr aKTnBr43aryuefi, [rr4poKo rrpeAcraBJreHbr B 3anaAnofr
(fapu, Trcpuurvt, PyrHbre roprr, CyAerrr, Aruurr), I]eurpamuofi (Poao-
nsr) u Bocroqsofi (NoH6acc) Enpone. B Asuz xpynnefirrr4e Mecropo)KxeHu.s
3roro Bo3pacra Haxolflrcfl B Bocroquon 3a6afixalre,, n I-{eurpalr,Hofi (Eop-
YH.qyp, lsyuqarau, Xap-Afipar, Vprou) u Cenepo-3anaruofi (E:px, l:r-
r:pxau) Monrorlrk1 a raKx{e e Kurae (npoenHrlns r{Neuqu). MesogoficKr4e
SruoopuroBble MecropoxtreHn-s r43BecrHbr r.r Bo MHorurx Apyrr4x perr4oHax.
Kax npaBrrJlo, pyAHbre rera 3areraror B rraJreogofrcxzx, pe)Ke - B Me3osofr-
cKI4x xap6onarHbrx H arrrcMocr4rr4KarHbrx nopoAax r4 rrepeKpbrrBr 6olee nro-
roAbIMI{ o 6p as on aH:afltuzt. lloarouy opyAeHeHr4 e Ho crrr cr<p rrrufi xap aKrep.
VcrasonreHHbre 3aKoHoMepHocrr.r B ycroBrr-qx roKa tr43argt H BpeMe-
Hra o6pa:oBaHl4fl QnrcopzroBofo opyAeHe Hr4fl B pa3rr.rqHbrx reocrpyKTypax,
no-BI4AI4MoMy, oSycroueHbr reM, qro B Kr4MMeprrfrcxyro 3rroxy B pe3yJrbra-
re oAHornnHofi AuQQepeHur4aur4u BeruecrBa acrenoc$epu B rrraHerapHoM
uacurra6e BbrcBo6oqvtrmcb 3Har{ureJrbHbre Maccbr uaurufiuoro $ropa. flo
t49
3oHaM Harr6onee rry6oKo 3aJro)KeHHbrx KpaeBbrx pa3noMon Srop BblHocl4rct
rr.rAporepMarbHbrMr4 pacrBopaMr4 B BepxHr{e crrou :enaHoil Kopbl r.I orraraJrct
rraBHbrM o6pasou na xap6oHarHoM reoxr4Mr4rrecKoM 6aprepe.
Ycnoeun sarezaHufl u o6paso6aHun (nrcopumolozo opydeueuun
llor<pono-KrapeencKoe Mecropo)KAeHr{e Snroopura paciloro)KeHo Ha
ro)KHoM 6opry foHeqxoro nareosoficxoro ilporr46a, v 3oHe ero coqreHeHl4fl
c 4oxen6pzficrvnr VxpauncKr4M Kpr4crarrrr4r{ecKr4M ulr4roM (yKII). Ono
o6pasonanocb Ha ilepeceq eHLru cy6uuporHoro (xpaeeoro) IONuo-
loHeqxofo H cySnrepuAr4oHaJrbHoro Erasqurx-PoeeHsKoBcKofo rry6zHHbIX
pa3roMoB, e rpa6eue, 3arrorHeHHoM HI4xHeKaMeHHoyroJrbHbrMkr vaBecrHfl-
KaMU, frr4Hr.{cTo-MepfeJrucTbrMr{ MeJroBbrMr,r nopoAaMr4 14 pbrxJrbrMrr oTxoxe-
Hr4flv^r4 HeoreH-qerB eprr.rrrHoro B o3p acra (p"c. 4 . 4) .
Ocsonnoe Snroopr4roBoe opyAeHelnkre, cocpeAoror{eHHoe B Bu3effcr<ux
r43BecrH-f,Kax, ilpeAcraBreHo rpeM-fl 3aJrex{aMu. Cawar KpyrrHar - IJeHTparb-
laafl - c rorepeqHbrM ceqeHpreu 70-180 u - ilpor-flrvrBaercfr ma 250 u. Oua
ilaAaer Ha 3arraA rroA yrnoM 15-25' . B necrax ee Bbrxo ^a Ha roNrego:ofi-
cKyro rroBepxHocrb QnroopuroBbre py.qrr BbrBerpeHbr pr qacrr4r{Ho Ae3uHTer-
pr4poBaHsr [154]. O6loMKr4 Qrrcopnra Bcrper{arorcfl u s Sa3airbHbrx crroflx
Hr4)KHero Mera [316]. Mecropo)KAeHr4e flBrrfl,ercfl rr4AporepMaJrbHo-
MeracoMarprrrecKr4M vr rrpeAcraBJreHo B ocHoBHoM r<ap6ouarHo-
QnroopraroBbrM Tr4rroM Mr4Hepankaapkr. Bo eNaerqaroulr4x opyAeHeHlre HL{x-
HeKaMeHHoyrorbHbrx rropoAax [oMr{Mo Sruooprarn3ar\LrLt orqerruBo Ha-
SrroAarorcfl trpyrr4e fr4AporepMaJrbHbre {3MeHeHr4fl.'. Karrbrlr4rr43arlr4q, oKBap-
rleBaHr,re u cym$vr1vrcawrs. @ruoopr4T rracro Bcrperraerc-fl B [apareHe3r4ce c
KarburrToM, KBapIIeM, cepI4uI4ToM, ilI4pI{TOM, fareHI,ITOM, XaiIbKOnI,{pI,1TOM,
Koropbre tro orHorxeHrro K Qrrcoprary flBrq]orcfl 6oree BbrcoKoreMnepa-
rypHbrMrr.
Ycroeuxla oSpasoe aHvrfl QrrcopraroBoro opyAeHeHnr llorpono-
KapeencKoro Mecropo)KAeHr4r rrocBflrrleHbr MHoror{ucreHHbre pa6orrr [1 01,
109, 1 10, 216, 221, 213, 293 14 Ap.]. CyrqecrByror pa3rr4r{Hbre rpelcraBre-
HI4.fl o reHe3rrce cfnroopraroeofi Mr4Heparrr3arJzrv\ Ho 6o:nilrrrHcrBo r4ccreAo-
earereil cr{r4Taer, r{To pema}oqyrc porb B 3ToM cbrrpaJra [ocrMarMarr4qe-
cKafl rr4AporepMaJrbHafl Ae-flrerrbHocrb 136, 109, 110, I54, 214, 216, 251,
2J3,3161.
Bo:pacr SnroopuroBoro opyAeHeHvrr B florpoeo-Krapeeno rpaKryerct
no-pa3HoMy. Eure HeAaBHo rroraraJrr.r, rrro oH cocraBJr.fler 250-230 MrH. rer!,
14 orBelraer n$a:mucxofi $a:e reprlrrHcKoro reKroreHesa [ 54,273]. llo rvre-
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3r4BHbrfi MarMarr43M Bbr3BaJr Apo6:reurae 4or<evr6puitcrcvx v naxeo3ofrcxux
ToJrru. O6pasonarvcb KaHairbr ur4pKyJrflrlrrr4 rrocrMarMarl4r{ecKl4x rl,IAporepM.
Tenrneparypa (5o:ree 1500 "C) rroAHr4MaBrrreroc-f, ocHoBHofo MarMarl4r{e-
cKoro paclnaBa o6yc:roBr4ra BbrHoc 6onrurefi qacrl4 coAepx{ailreroc-fl B HeM
$ropa. MoulurrM TerrJroBbrM rroroKoM $top 6rrn BbIHeceH Ha Snaurlr Qop-
MupoBaBrueftc-s rr4AporepMaJrbHoft cncrenrbr, rAe aKTI4BHo yqacrBoBar B Me-
TacoMarrrr{ecKr.rx npeo6pasoBaHr4qx nporeposoficxux KprrcrarruqecKl4x rlo-
poe llpna3oBcKoro KoMnreKca.
B panuem xap6oHe B [oueqxoM rrpofa6e, npenparr4BrrreMc-fl B pe3yrb-
Tare orrycKaHtrr, B nlopcxofi 6accefin, HaKarrrvrBalrucb MoraccoBble rorut'I.
Co cpe4Hero xap6oua Harrarucr, BocxoAflrrlue rrolBr{x{r<ra SoproBbIX 6roKoe
crpyKTyprr [66], rrro rpen-srcrBoBaJro HaKorrrreHr4ro r JrHoro pa3pe3a rraJleo-
goficxnx orrrox{eHvit u o6ycrowrJro r4x 3Harrr{Teruurrfi pa3MbIB. K xoHqy xa-
MeHHoyrorbHoro BpeMeHr4 rr4AporepMaJrbHafl cr{creMa lloxpoeo-Krapeee-
cKoro rpa6eHa, rro-BrrALIMoMy, 6rtra noAHqra HaA ypoBHeM Mopt, a BrIo-
creAcTBr4r4 AeHyAr4poBaHa, KaK 14 Bce AoHerIKoe cKIaArIaToe coopy)KeHl4e.
llpoxeneHne MoulHbrx Sas noslHerepuzHcKoro reKrofeHe3a - 3aarbcKofi (ua
rpaHr4rle pauHefi r4 rro3lHefr nepnnvt) u nSamqcxofi (Ha py6exe nepMl4 14
tpnaca) - Bbr3BaJro He roJrbKo pesxufi norbeM AoHeur<oro nportt6a, Ho I,I
cKJraAKo o 6p as on aHr4e, cofip oB o)KAaB ureecq uleror{Ho - 6 as amro BbIM MarMa-
Tr{3MoM. C n$anrucxofi Sasofr TeKToreHe3a, Bepo-flTHo, cB.rr3aHo orropx{eHue
llorcpono-KvpeeecKoro nnar$opMeHHoro 6rora, rcoroprrfi 6rtr BIIABI,IHyT
BHyrpb nporuSa no Erau.rlrx-PoseHbKoBcKoMy pa3roMy.
Pacrnopbr, rrocryrraBrxr4e B ilpouecce no34Hefepur{HcKofo I4HTpy3I4B-
Horo MarMarr43Ma orJrr{qarr4cb BbrcoK}rMlr coAep}Katr4flMrr cpropa Ao
1500r/r t56] OAsaxo "cKBo3Hbre" c6pocu u n:6pocr,r, pasSI4BIrIue rl4Apo-
TepMarrbHyro cr4creMy, He o6ecnerrr4Barrr4 ycJrosvit lJrrs pyAoornoNeuu-fl. B
cBfl3n c 3po3r4efi, conpoBoxAaBrxefi noAreM, 3Tr,r Hapy[reHvs oSua>KuIIr4cb vr
rr4AporepMarbHa.fl cr4creMa eraila "orxptrrrofi". Bogpocrll4 cKopocrz Sram-
parJkrvr pacrBopoB H oHH, eure He ycrreB oxxarr4rbcfl Ao reMrleparyp o6pa3o-
BaHrafl Snrcopura, BbrHo cruwrcb Ha rroBepxHocrb, rAO B pe3yrlbrare rlpoAol-
Naettrefrcfl AeHyAar\vrr4 creAbr r4x Aef,TerbHocrr4 6u:ru yHI4tITox(enr;r l22ll.
Taxunr o6pa:ou, reprlr{H cxuit. reKroHr4.{ecxufi (cxna4uamrfi) 3ran pa3-
Br4rvrfl perlroHa Bpqr :ru 6rrr onpeAer;rrcur4M n cpopuupoBaHlrur floxpono-
Krap eee cKoro Mecrop o )KAeH:nfl, Sruo opnra. 3ro ilotrrB ep)KAaerc-fl o6uapyxe -
Hr{eM B KepHe cKBa)Kr4H, upo6ypeHHbrx Ha scefi rrJrorrlaAr{ pytrHoro rrorq,
Srroopuru3r4poBauuofi 6per.rura aHAe3r4roB 12731. Bue4peHI,Ie nocJIeAHI4x
cBfl3aHo c rrpoflBJreHr4eM 250-235 nrH. Jrer Ha3aA 3aKJrlorrnrerbHofi n$anrq-
cxofi $a:rr repur,rHcxofi cxrarrrarocrv 1361. CneAoearenbHo, Ae3r4Hrerpalll4fl
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aHAe3r4ToB npou3orxJra no3AHee, B Me3o3oe. Me)K6pexuueBoe rrpocrpaHcrBo
cryx(r4ro BrrocJretrc'tBuLr pyAorroABoA-f,ruuMw vr pyAoKoHTporr4pyrotul4MH Ka-
HaJraMr4 r4AporepManbHofr cucrenmr.
C naesosoficKoro BpeMeHrr Ha.uarrefl, rrocrecK naguanr,tfr, n:rar$opMeH-
ssrfi 3Tarr pa3Bvrrvrr loHeqKoro nporu6a. Koneu rpuaca - Haqaro lopbr or-
Berraer KuMMepr,tficxouy reKToHHqecKoMy rlr,{Kny, BKrroqaroueMy trpeBHe-
KaMMepr.rfrcryro, AoHerlKyro, 6arcr<yro v HoBoKr4Mnrepuficr<yro Qasrr. Als
reppl4ropvk, rrpnrefalouefi x [Ioxpono-KupeeBcKoMy pyAHoMy rroruo, Hau-
6oree cyulecrBeuuofi flBrqerc.fi 6atcxas,$asa. C nefi cB-f,3aHo BHeApeHLre B
25-30 KM ceBepHee pyAHoro rroJrfl AaeK naunpo$rrpoB Mr,ryccKoro KoMnrreK-
ca, alconrorurrfr Bo3pacr rropoA Koroporo orBer{aer 160+12 nr,ru. rer. Ouz
frpopbrBaror naJreosofrcKue o6pasoBalnvrfl H rracro 3aJreraror HerrocpeAcrBeri-
HO rroA MeJIOBbIMI4 OTJIO)KeHr4_f,MII.
3a BpeMfl, npotueltuee or [o3AHereprlr,rHcKoro Ao Kr4MMepuficxoro
MafMarH3Ma (oxono B0 MJrH. rer), rr4AporepManbHafl cr4creMa llor<poeo-
KnpeencKoro rpadeua ycnera oxJraAr{Trcs. llocrerreHHbrfr pasorpeB ee, Ha-
.Iaerunfic.f,, rro-Br4lr4MoMy, B AoHeuKylo $asy, Aocrr4r MaKcprMyMa B 6arcxyro
I4 coxpanflrrcfl Brrrorb Ao HoBoKrrMMepr4ficxofi (135-120 nr:ru. Jrer uasaa) Sa-
3bI.
floc:re BHeApeHr4fl r4HTpyznfi npou3orrJro cxarr4e BMeuarcrqrx nopoA,
a 3areM BbrTecHeHue r pMaJrbHbrx pacrBopoB B frrApoAr4HaMr4r{ecKr4 orKpbr-
TbIe ApeHa)KHbre KaHarbr. Kpynnefi[rr,rM r43 Hr,rx 5u:ra 3oHa EraH.{r4x-
PoseHrxoBcKoro pa3JroMa, pacrxr4peHHa.fl BbrABr4HyBrrrr4Mcfl B nareo3oe 5ro-
xom $yHAaMeHra. llo grofi 3oHe Mr4Heparoo6pasyrculr4e pacrBopbr rrocry-
rralrv B rl4AporepMarbHyro cr4creMy llorcpono-KnpeeecKoro rpa6eHa. I]up-
Kyrupyfl rro KaHaJraM, cQoprrupoBaBrrrr4Mcr Ha repur4HcKoM 3Tane cKraAr{a-
TOCTI4, paCTBOpbr TepflXr4 3Hepfnlo, CTaHOBr4Jrr4Cb MeHee rlOABr4XrHbrMr4 r  OC-
rbrBarru{ tro reMneparyp Qmoopuroo6pasoBaHr.rq - 180-120'C l22|l.
Fraronpr4fl TcTB oB aJra pyAo ornox{eHr4ro rp aHcrp eccvrfl M eJroB oro Mopf .
Zu$ramrpaur4q MopcKr4x no4 o6ycJroBr4xa o6pa:oe a:uue B 3oHe r4x KoHraKra
c $rop c oAep)Kaul vMV f r4Ap oTep M aM r{ q a6um.'Horo reMilep arypHo ro 6 apse-
pat, Ha KoropoM rrpor4cxoAr4rro Mr4HepaJroo6pasoBaHr4e. B ro N(e BpeM-fl or,'ra-
faBIrII4eCfl MerroBbre ocaAKrr, qacrr4r{Ho 3aKyrroprlBLilve pyAonoABoAflrr{r4e
KaHarlbr, cAeJIaJII4 cl4creMy "nory3aKprrrofi", BcireAcrBr.re r{ero rr4Aporep-
MarlbHbre npoueccbr rrporeKaJrh e 6oree cnoxofisoM pex{r4Me.
Bp enr.a o 6p as on aHVfl M arMaroreHHo ro f r.rAp orepMarbH oro opyAeHeHr4f
o6rF{Ho onpeAerrflror no a6corrorHoMy Bo3pacry rrHTpy3HBHbrx opoA. llper
3ToM, rITo orMer{aercfl vr l\rr llorpono-KupeencKofo MecropoxAeHr4-fl, He
yr{HTblBaerc-f, ilepno4 oxnaxAeHr4q MarMbr 14 3HAoreHHbrx Q:tou4oB Ao reM-
ls3
fieparyp MuHepanoo6pa3oBa:ar4fl, xor-fl STor I4HTepBaJI BpeMeHI4 Mo)Ker 6ltrr
3HaqnrerrbHbrM. B uouorpafiuu [65] co ccttlxofi ua lN. E,repa (1959) npv-
BeAeHbr pacrrerbr, corJracHo Koropr,rM Ha paaarornvru 5 KM or rrHTpy3plBa
roilepeqHl4KoM 30 KM oxrlaxAeHl4e BMeITIaTuILIX ilopoA c 400' Ao 100'
npoucxo4.tfi 3a 470 wyu,. Jrer. He ucxr]oqeHo, r{To rr $opunpoBaHI{e rl{Apo-
repMaJrbHbrx SruoopraroBbrx garexefi floxpono-KrapeencKoro MecropolxAe-
Hr4fl, cB,fl3aHHoe c BHeApeHveu He6orrbrrrux, Ho MHoror{rIcJIeHHbIX untpyzuit,
o6pasonaBrrrr4x AafiKoeoe rroJre Arauofi 50 KM vr urupzuofi 20 KM, 6rtlo
"cMe[IeHo" Bo BpeMeHr4 Bnilorb tro MeJIoBoro rrepl4ora.
Ansuuficr<nfr 3Tarr pa3Bkrrvrfl rr4,4porepna:rsHofi cncreMbI llorcpoeo-
KrapeencKoro pyAHoro froJr-fl Harrarc.s ilporBrreHueM Ha py6ex(e Merla v ila-
reoreHa tapavvtitcr<ofi Sa:u reKToreHe3a. Ona coilpoBoxAaracb o6rquu
iloAbeMoM Teppr4Topw, perpeccuefi Mopfl, rroABI4x{KaM}r Sroxos 3eMHofr
Kopbr no rry6[rHHb]M pa3iroMaM r.r Bo3o6HosreHr4eM rr4AporepMa:nuofi iJev,-
TCIbHOCTI4.
llopo4u Kpr4craJrrr4rrecKoro @yH4aMeHTa, naJreo3oq I4 Mera 6slru pa3-
6urr,r MHo)KecrBoM pa3pbrBoB r.r rpequu. lIpoH3oIrIJIo ApoSrenve v paHee
cSopurapoBaHHbrx sareNefi $:toopvra. llosAnee o6rouxu cpruoopnroeofi
pylrr 6srru crleMeHTr4poBaHbr rr4AporepMarbHbrM ororluo-5eruM KarbIIIi-
TOM, OTJrafaBrrrprM9f H3 H[r3KoTeMilepaTypHbrx pacTBopoB, KoTopble rIoAHI4-
Mairrrcb tr3 traurufiuoro reHepupyrculero orrara. C Ae-flTerbHocrbro 3Tt{x
pacrBopoB Mox(er 6rrrs cBfl3aHa r{ Hr43KoreMlreparypHaq (120-80 oC) reue-
pauu;r cB errooKparrreHHoro Snrooprrra.
Taxunr o6pa:olr, ocHoBHa,r Macca $nroopraroBblx py.ry lloxpoeo-
KrapeencKofo Mecropox{AeHr4r c$opuupoBaJracb Ha nocrecKJIaAqaroM.,
KrrMMepuficxol,r 3Tane reKToreHesa. 3ror BbrBoA corJracyercfl c npetrfioro-
xeHr,reM o rrpenMyrrlecrBeHHoM o6pa:onaHr4zr rr4AporepMaJIbHbIX pyAHbIX
MecropoNAeHufr (e rou qucre Q:rrcopuronrrx) B pe3ynbrare reKroHoMarMa-
rur{ ecKo i4 ar<ruezgarr4v o 5racrefr s an epurenuofi cKraAr{ aro crl4 16 5, 3 I 7 l.
Potu eodut 6 6u6empu6aHuu Qnrcopumoeutx pyd
BtrnerpraBaHr4e Bbr3brBaer ry6oxue crpyKrypHbre npeo6pa3oBaHl4fl
MnHepaJroB, rraBHbrM o6pasou uol leficrBlreM 3K3ofeHHbIX rrpoueccoe. Teu
He MeHee, B HeM 3Har{ZTerbHyro poxb qacro vfparor 14 3HAofeHHbIe $axro-
pbr: TeKToHHqecKoe 4po6rreHr,re nopoA, pa3rpy3Ka rty6uHHbIX BoA I4 ra3oB
(cnoco6crByrorur4x pa3Jro)Kenuro uuueparoe) v r.rr. OAnran H3 BeAyilII4x
Sar<ropoe BbrBerpzBa*ufl -flBrflercfl pacrBopeHr,{e, BKrroqalouee noABoA
KOMTTOHeHTa paCTBOpeHr4fl K nOBepXHOCTr4 14 OTBOA TTpOAyKTOB paCrBOpeHI4fl.
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llpu BbrBerprrBa*r4v @moopraroBbrx py4 ocHoBHbIMI4 o6terraMl4 pac-
rBopeHr4.q flBrflrorcr $ruoopuT H KaJrbrrut (uaw6oree cyruecrBeHHa-f, cocraB-
Jrflroruafl pyAoBMeuarcurr4x ap6oHarHblx nopo4). @nrooprar orHocr4rlfl K
Mr4HepaJraM cpeAuefi pacrBopr4Mocrra. llpu pH pacrBopa 7 ,0 u reMrleparype
18-20' pacrBopr4Mocrb Mr4HepaJra cocraBr-rer 16,0-18,5 ur/n 152, 101]. l lo
AaHHbrM A. 3rnu ca 13231, pacrBopeHl4e Snroopura B BoAe ao 230" ilpeA-
craBr.f,er npocrofi uounufi upoqecc: CaF25Ca"- + 2F-.3uaqureJlbHo 6ols-
ruefr pacrBopr4Mocrbro - rc 250 nrr/xr - o6naAaer Karlbuvn 1316]. PacrBopl4-
Mocrb o6oux Mr.rHepaxoB 3aBr4clrr or reMneparypbr, xr{Ml4r{ecKoro cocraBa 14
Kr4HeTr4Kr4 paCTBOpa.
Paccnaorpr4M ocoSesuocrr{ r.r MexaHLr3M BErBerpr4BaHI4fl cKpblToro opy-
AeHeH?l{ S:rrcopura Ha rrpr4Mepe llorpono-KnpeencKoro Mecropox{AeHl4q.
VuacleAoBaHHafl Bo BpeMenvr 14 npocrpaHcrBe HeoreKToHl4r{ecKar KTprBu-
3arr4fl pa3roMoB, K KoropbrM ilpnypor{eHbr 3aJre)Kr4 Smoopura, HepeAKo
npnBoAr4r K coBpeMeuHofi BocxoAquefi pa3rpy3Ke BbIcoKoHaropHbIX LIIe-
roqHbrx (pH 7,6-8,0) no4 rny6oxoro Sopur4poBaHns. VIx cocraB : xJloprrrHo-
uarpneetrfr,' xJropuAHo-cynr$arHo-Harpuenrrfi 14 rI4ApoKap6osarHo-
(xropra4Ho)-uarpzeerrfi (no C.A. Il]ynapeBy), a MI4Heparr43aIJr4.fl IIoBbIueHa
rc 7-10 r/:r u 6olee. l{ouuuo Sropa, coAepx(aHrre Koroporo Aocrl4raer 1-6
ur/r, orMer{eHbr yBerr4qeHHbre KoHueHTparJLrLr pryrl4, 5pova, 6opa, MbIUrbq-
Ka Lr 3H4oreHHbrx ra3oB: trByoKLIcH yrnepoAa, MeraHa, a3ora 12931. 3rz eo-
Abr r4Meror BbrcoKyro pacrBopflrorrlyro cnoco6socrb rlo orHoIrIeHHIo K
Srroopury v Kanbur4ry.
3xcnepraMeHTarbHo ycraHoBreHo, rrro pacrBopprMocrb Qmoopnra vr
KaJrburrra Bo3pacraer [pr4 rroBbrrrreHrrr,r B pacrBope KoHueHTpar\vru NaCl
1149,306], qro orrpeAeJrfl,ercfl, He roJrbKo porbro :narprrfl KaK 3reMeHTa -
KoMnreKcoo6pa:oBarerr-f,. llo MHeHr4ro f .4. Xo:uauAa (197 0), Blrr4rHvre
NaCl o6ycroueHo Bo3pacraHr4eM uoHHofi cr,rJrbr pacrBopa I4, coorBercrBeH-
Ho, noHr4xeHr4eM rco:QSzur4eHToB aKTr{BHocrpr r,roHoB Karbuuq 14 Sropa.
llo-evrvMoMy, aHarorr4qHa porb rrrApoKap6oHarHo-Harpl4eBblx BoA. flo-
MrrMo Harpurr oura o6trr{Ho coAepx(ar noBbrrrreHHbre KoHIleHTparJHLr tloHoB
OH n COrt-, rrro cnocodcrnyer r,r3BJrer{eHr4ro Sropa 14 Karlbuvfl \r3 rropoA B
Br4Ae LroHoB F- n Ca"- U49} CyrqecrBeHHa-fl porrb B pacrBopeHntr Qruoopn-
Ta kr KaJrbur4Ta npr4HarJrex{r4T 3HAoreHnofi yrneKr,rcJrore, Ilocrynarouefr no
IONuo-/{oHerrKoMy u E tau.rux-PoseHbKoBcKoMy pa3:roManr. Osa He rorbKo
ilpefi.flTcrByer BbrpaBHr{BaHrr}o xuMr4rrecKrrx rroreHrrr4aJloe o6NaeuHbIX peaK-
uHfi e cprcreMe "nopoga-Bo4a", Ho r{ cnoco6crByer (:a cuer B3al4MoAefrcr-
8r4fl. c Karrburrrou) nuceo6oNAeHnro Sropa n: Q:loopvra B BI4Ae KoMrIreKc-
Horo r.roHa HFo 12211.
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llo naepe eosAeficrBr4fl, yKa3aHHrrx Sar<ropoB na Sruooprrr I4 KaJIrITI4T
rrpor4cxoAr4T nepexoA B pacrBop c r4x rroBepxHocru rIoHoB $ropa vr KaIrbrJvrfl,
qro pa3pyrxaer BHeruHr4fi rcaprac Kpr4crarr[qecKofi peurerKl,I 3TI4x MI4Hepa-
roB. Ha nocreAoBareJrbHo Suaxaroulr4xcfl BHyrpeHHI4x cJlo-flx IrporeKaror
TaKHe )Ke peaKrJurr.Bce ero BJrer{er :a co6ofi yMeHbrrreHue Maccbl u o6rerta
Snrcopura v KarrbrluTa.
VAareuue npoAyKToB pacrBop enr4fl or rroBepxHocrn peaKulloHHoro
crofl rrpor4cxotrrrr 3a crrer r4HTeHcr.rsHofi rau$unrrparrr4u arnrocSepHblx
ocarKoB B Me3o-KafinosoficKr4e Lr uacruqHo Hr4xHeKaMeHHoyrort'HEIe orJlo-
)KeHrrq, orrr.rqarcruuecfl BbrcoKr,rMu (.qo 10-11 ruicyr) cpeAHuMra r<oeQ$vrJvr-
eHTaMr4 Qranmpa\w. B pe3yrbrare rrocrynJreluvrfl HoBbrx nopqzfi arMo-
c$epurrx BoA B cr4creMe "Kartrrlur-$nroopuT-BoAa" Bo3HHKaer rrocroflHHoe
HepaBHoBecHoe cocToflHr{e, qro rrpr4BoAr4T K HerrpepbrBHoMy AaIeHI4Io
ilpoAyKroB pacrBopeHr4fl (pnc. 1.5). 3ro noArBepxAaercfl 3Kcnepl4MeHrarb-
Ho ycraHoBJreHHofr npxuofr sanzclrMocrbro Mex{Ay cKopocrbro repeMeqe-
HH.s pacrBopa v pacrBopuMocrbro cpruoopr4ra [101].
Taxunr oSpasonr, cKpbrrbre 3aJre)Kr4 Sruoopzra BblBerp?IBalorc-fl noA
eosAeficrBueM BoA, pa3rnr{Hbrx no reHe3r4cy, cocraBy vr ArrHaMr4Ke. llp"
3ToM ilporeKaHr4e 3K3oreHHbrx npoqeccoB orrpetrenflror nnSzrurpaql{oHHble
Borbr. llpoueccu xe, ilpor4cxoAflur4e rroA eosAeficrBr{eM BoA r:ry6ororo
Qopuup oBa:ukrr, ycroBHo MoxrHo orHecru K r:rySr,ruuunr (runoreuusru).
Bsauuoo6ycnoeneHHocrb pe3yJrbraroB sosAefic rBtrfl, o6onx ruIIoB BoA npu-
BoAr4r K pacrBopeHuro SruoopnroBbrx gareNefi H BMeruarculr4x ap6ouar-
Hbrx nopoA, ilepeKpbrrbrx Me3o-KafiuogoficKr4Mr4 orJro)r{eHvrruvr, cpeAHflq
MorrlHocrb Koropbrx oKoJro 100 nr.
3naqureJrbHo 6oruuar (e 10-14 pa3), ilo cpaBHeHrrro c QruoopuroM,
pacrBopp{Mocrb Karbrrr{Ta orpe4er-fler u 6oree r4HTeHcr4BHoe pa3pylxeHl4e
BMeularoulr4x rropoA, rreM pyAsofr :are)Kr4. 3ro npraBoAr{T x o6pasoBaHu}o
noA [oKpoBoM Me3o-KafiHosofrcxux or"noNeurafi "ocraHueB" BbrBerperblx
QffoopuroBbrx pyl.
BosNaoxHocrb BbrBerpr4BaHvrfl cKpbrroro opyAeHeHr4r Snroopura Mo-
)Ker 6rnr r4crroJrb3oBaHa rrpu ycraHoB reHvrv orHocr,rreJrbHoro Bo3pacra
py,qHbrx sareNefi. Tax, oAHr4M r43 ocHoBHbrx Bo3paxeHrafi nporl4B KrrMMe-
puficxoro BpeMeHr4 o6pasonalulafl l oxpono-KrapeencKoro Mecropox(AeHl4fl
qBr-sercfl BbrBerperocrb SmoopraroBbrx pyt, 3arerarouux nor Me3o-
xafiuosoficxr.ru qexroM. 3rana B ocHoBHou oSocHoBaH BbrBoA o reprrr{HcKoM
BpeMeHr{ QopuupoBaHufl opy.qeHeHLrfl, Koropoe, corJracHo MHeHr4ro reorro-
roB, pa3rer.qrour4x 3To npeAiloro)KeHr4e, 6uro BbrBeAeHo Ha iloBepxHocrb 14
3poAupoBaHo yxe B paHHeM Me3o3oe. llpune4eHHbre AaHHbre rroKa3brBaror
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Puc. 4.5. Molerb BbIBerpHBaHV-q cKpblrofi sareNra Qmoopl4ra
(no B.f. Cyxpro, 1990)
1 - nreso-xafiHosoficxkre orroxeHr4fl; 2 - ttuxHeKaMeHHoyrorbHa-fl rcap5o-
trarnafl Torua; 3 - xpracrarrrrr4qe cxufr $yu4am elrn; 4 - TeKToHI4r{ecKI'Ie pa3-
pbrBHbre Hapy[reHux; 5 - HarrpaBJreHpre ABr4)r(eHrrx vu$uJrbrpaul4oHHblx ar-
nroc$epubrx BoA (a), eo4 rny6oxoro SopnaupoBaHrrfl (6), BbIHoca ilpoAyKroB
pacrBopeH:ar (e); 6 - pyluoe rerro
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qTo B oIIpeAeIeHHbIX ycnoBl4qx BbIBeTppIBaHI'Ie [poficxoAl4T
cKoM 3Tafre f e onof I4rrecKofi r4cr opvv p ef I40Ha.
KI HA ATIbNI4I.I-
4.2.Yqacrrre BoAr,I n SopmupoBaHul{ I{ pa3pyrueHuu
sarexefi KaMeHHofi coru
B npoqecce raroreHe3a ocHoBHafl poxb rrpzHaArer{I4T rIpI4poAHbIM Bo-
AaM' B Koropbrx pacrBopeHbr coJrrr. llp" AocrI4x(eHI4I4 oilpeAereHHblx KoH-
qeHrpaqzfi nocxe4Hl4e BbIrIaAaloT H3 pacrBopa, o6pa:yx rarrrT 14 Apyrne
Mr4Hepamr. B ro x(e BpeM,fl, BoAa Moxer or{eHb aKTHBHo pa3pyuarb cor-f,Hble
3aJrei{, BbrrrIeJIari4Baf I4pacrBopfg r4x.
B geNaHofi r<ope 3arelxrr coJrr,r Moryr HaxoAtrrbcq KaK B rBepAofi (Kprl-
crarrr4rrecxofi), raK 14 B )Kr4AKofi (paccomnofi) Sopnrax. CpeEv I4cKorraeMbIX
colefi B rrpeAerax ra3yr{eHHbrx ny6uu cyilIecrBeHHo npeo6raAaer Kpucrar-
rr4rrecKar Sopnra (80-90%). Olsar<o B tlpl4poAe Irrl4poKo pacrpocrpaHeHbl r
paccorbr, HaxoAflrrlr4ecq KaK B cB-f,3aHHont (eKrrorreHu.s B fIupofeHHbIX MI4-
Heparax), rarc u n cno6oAsoM cocroflHr4v. Paccorsl qllpKyrlupytor B pa3-
Jrr4r{Hbrx rrAporeoJrorr4r{ecKnx KorJreKTopax n, 6:raro rapfl ettcoxofi [poHI4-
r<aroulefi cuoco6uocrr4, coAepxarc-fl Aaxe B Mex[opoBoM rlpocrpaHcrBe Bo-
AoyropHbrx ropoA [80]. fny6una pacrpocrpaHeHufl pacaoJloB B geNaHofi xo-
pe Aocruraer HecKoJrbKr4x Kr4loMerpoB. llpranlepoM 3Toro flBlltrorc.s o6sa-
pyxeHHbre rrpr4 Sypew;r Korucxofi cnepxrny6oxofi cxnaxuHbl B KpzcraJl-
rurrecKr,rx ilopoAax Ha rry6uuax cBbIIIre 7 -8 KM xropt{AHo-HarppleBble vr
xropr4AHo-Kanbur.reBbre paccoxbr c Mr4Hepanl43allveit 6otee 200 r/:r. Cpe4u
pa3rr4rrHbrx rr{AporeoJTorr4r{ecKlrx c pyKryp pe3epByapaMr4 ceo6oAHbIX pac-
coroB rraure Bcero flBr-flrorcq 3oHbI pa3JIoMoB. llpu 3ToM c yBeJrI4qeHHeM
r:ry 6 nurr o 6 r,r.rHo s a6 nro Aaerc-f, rro B br[I eHple zx MI4H ep ar r43ar\Mu.
CmpyrcmypHde oco6euuocmu u zeH%uc KaMeuuoi,t conu
ColesocHbre orJroxeHufl, 3aJreraroilrne s oceeofr .uacrkr lHeuponcKo-
[oneqxoro aBrraKoreHa npeAcraBreHbr AByMt $opuauvflMrr - treBoHcxofr n
Hr4x(Herrepnacrofi. O6pasoBaHr4ro geeoucxofi Qopttaqraz, unaeroulefr Moul-
Hocrb lo 3000 M 14 pacilpocrpaHeuuofi, [o-Br4Ar4MoMy, Ha BceM rlporf,x(eHlll4
aBraKoreHa, rrperuecrBoBaJra 6ypuax ByJIKaHI4T{ecKaq Ae.qrenbHocrb. 06
3ToM cBr4rereJrbcrByror eS$ysunHo-coJreHocHo-Kap6ouarHo-Teppl,IreHHble
orrox(eHufl AeBoHa 14 KpacHouBerbr sraxuefi repMu 1164l. [eeoHcKrre raro-
reHHbre flopoAbr rrepeKpbrrbr MouIHbrMI,I ToxtLIaMI4 naJleo3oficr<nr v Me3o-
xafiHosofrcrux orro)KeHuit v, Ha [oBepxHocrb BbIXoAqr r?IIrIb B BI4Ie corq-





llopo4rr Hr4)KHerrepucxofi raJroreHHofi SopMaIIrrI4 HaxoAflT cfl, Ha cpaB-
Hr4rerrbHo se6olrmofi rny6aue vr BbIXoAflT Ha AoKafiHosoficKyro rloBepx-
HOCTb He TOrrbKO B ilpeAeJrax coJr-sHoKynonbHblx cTpyKTyp, Ho I{ Ha KpbIJIbflx
nororr{x cKJraAoK. Enarorap{ 3ToMy oHI4 qBr-srorcfl I4cror{Hnxont lo6blqn
xaueuuofi corrr4, pazpa6arbrBaroru efrcs Ha ApreuoBcKoM, Crae.sHcKola vr
Hoeor<ap$areucxou Mecropox{AeHuflx, o6rqr.re 6atraucoesre 3anacbl Koro-
pbrx cocraBJrflror 25,5 MJrpA.T. CynrnrapHafl MotuHocrb ilpoAyKTI,IBHbIX rrra-
croB r<oledlercq B rpeAeJrax 100-300 M, & MolrlHocrb orAeJrbHbIX l{3 HI4x
Aocruraer 40-50 u [154].
CoreuocHbre fiopoAbr Hraxsefi nepMr4 3aJIera]or Ha KpacHouBerHbIX
MeAlrcrbrx recqaHr4Kax KapraMbnucxofi cBlITbI (P1kr). Or;roNeHI4e rlocreA-
Hr{x npor4cxoAr4rro Ha $oue trpo-flBneHr4.fl MoIrIHofi gaamcxofi Sassr IIo3AHe-
fepur4HcKofo reKTofeHe3a, Koropa-fl conpoBo)KAaxacb HHTpy3pIBHbIM V) B
MeHbIIrefi crenenra - :$Sy3I'IBHIIM MarMarI,I3MoM 136,71, 1641.
Taxunr o6pasonr, rrareo3oficronry coJleHaKoilreHr{ro B {nenponcKo-
AoHerIxoM rraJreopuSre fipeArxe crB oB aJra MarMarl4r{ecKa.s Aefl reJIbHo crb.
I4:yue Hrae B euJecrBeHHo r co craB a vr y c rosufi garer aHrrfl raJlo reHHbIX
rropoA corrpoBoxAaJrocb BbrABuxeHr{eM pa3rl4rrHblx farloreg o6 HX reHe3I,I-
ce - or 3oroBofi (@. llourenuufi) 4o 3HAoreHHofi (H. Kyepqeqen, B. llop-
$rapren r{ Ap.). to ue4aBHero BpeMeHr4 rociloAcrBy}ouei,t 6sta raK Ha3bI-
BaeMafl "Sapona-f," rr.rroresa K. Or<ceuzyca [354], no xoropofi coreo6pa3o-
BAHI4C BO BCC fCOIO|I4IICCK},IC 3ilOXI4 TIPOI4CXOAI4JIO B YCJIOBI'{flX APIjAHO|O
Krr,rMara B orrxHypoBaHHbrx MopcKr4x raryHax. 3ry reopnro uatl6oree aK-
rHBHo rroAAepx(vrBaIrv H. KypHaKoB, M. Ba:rqrrKo, H. CrpaxoB, lI. CoHes-
Senr4.
Hostrfi $amuue cx:ait Marepl,rar, ilo.flBl4Bluutficx B KoHIIe ilrecrl4Aecfl-
Tbrx - cepeAr4He ceMr4Aec.flTbrx roAoB 3acraBI,IJI 5o:nmuHcrBo reororoB or-
Ka3arbcfl or "6apoBofi" rr4rrore3H r4rr4 paccMarprrBarb ee KaK qacruttfi cry-
qafi coleHaKo[Jr eHr4fl.. Ha cnreuy npHXoApIT rr{rrore3a rry6oxoBoAHoro Mop-
cKoro SopuupoBaHlrfl corr-flHbrx sarexefr, ocHoBaHnafl, Ha npeAcraBreHl{flx
A. -fluurvrua 1325]. 3ra rr4rrore3a HarrrJra rxllpoKyro noAAepxKy He rorbKo B
6rretrreu CCCP, rAe 6rrla ilpetrJroxeHa 14 BrroJrHe ylegurerbHa.fl reHerl4qe-
cKafl MoAenb rny6oxoBoAHoro orrroiKeHl,Ifl 3Ballopr{roB [315], Ho t4 :a py6e-
)KoM 1270, 324, 342 u Ap.]. Corracuo eir r4crrapeHue IrpHBoAt'Ir K noBbIIrIe-
Hr,rro KoHueHTparJvrv colefi B BepxHHX cro-sx BoAbI. B pesylbrare rrlorHocrb
BoAbr Bo3pacraer vr oHa rrorpyxaerc.f, Ha AHo. lamHefiuee yBerl4r{eHl4e MI4-
HepaJrr43 ar\r4v\ rrpor4cxoArulee B ycnoBl4.sx 6orururlx rry6uu, rIpI4BoAI4T K
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Bo3pacraHr.rrc nrorHocrr4 BoAbr B [prrAoHHbIX cJlo{x Ao 1 ,02-1,03 ricu, qro
Bbr3brBaer BbrrraAeHr.re coJrefi, Koropoe nporeKaer B HecKoJIbKo 3TarroB rlo
Kraccuqecrofi cxeMe t10]. llpr,r 3roM BHarlare ocaiKAarorc-q coru KaJIbuI4t I'I
MarHu.fl, a 3areM Harpr4fl kr Kar\rfl. Cafxa larvra Harll4Haerc-fl' KofAa ilror-
Hocrb pacrBopa Aocrr4raer 1,10 r/cu'. HeupenreHHbIMI{ ycnoBlrflMl4 3Toro
rpoqecca flBJr-trrorc-fl: cyxofi kr xapr<ufi KJIHMaT, iloxy3aKpr,lrttfi xapaKTep
MopcKoro 6accefiHa npu rrocrorHHoM rrocrynJleur4rr B Hero coJIeHbIX eoA'
clrHxpoHHoe c correHaKoureHr4eM nporu6aune AHa Mops. llocleAuee o5-
cro-f,TerbcrBo rro3Borr-fler paccMarprrBarb 3Ty rl4lrore3y n o6rqeM KoHTeKcre
Teopr4r4 KoHceAr4MeHTarIr4oHHoro ocaAKoHaKoIIJIeHvx. C ee lro3l{unfi naoNuo
yAoBrerBopr4TeJmso o6r-f,cHr{Tb HaKorrJreHrre MoIIIHbIX To:ru-( ocaAKoB, B ToM
r{r.rcJre H raJroreHHbrx. Buecre c reM, ycroBl4fl peaJrr'I3arJur4 rr4rrore3bl rry6o-
KOBOAHO|O MOpCKOfO COIeHaKOnJreHI4fl BbI3bIBalOT KpI4TI4r{eCKI4e 3aMer{aHI'If
14 3acraBlflror ycoMHl4Tbc-s B ee yHuBepcalbHocrl'I.
l[pex<4e Bcero rrpeAro)Keuusrfi MexaHH3M coJreorJroxeHufl He yr{HTbI-
Baer KpyroBopora BoAbr, 6raroAapfl KoropoMy o6ecne.{vBaercfl IroAAep)Ka-
Hr4e nocroqHHofi coJreHocHocrr4 Mr4poBoro oKeaHa Ha rrporfl:lKeuvrr4 Sauepo-
goficxofr opbr pa3Bzrrrrfl. sexauoff Kopbr 145,341] ra pearleH JII4llb B rlpr6tm-
xeHHbrx K r4AearbHbrM ycJroBr.rflr. C rosuunfi paccMarpl4BaeMofi runoregtt
TpyAHo o6ocuoearb Macmra6rr 14 cKopocrb coJIeHaKorIJIeHprfl, a raKxe o6pa-
3OBaHr4e MOHOMT{HepanbHbrX frJracToB faIII4Ta MotuHocTb}o B AecflTKI{ 14 COT-
Hr4 MeTpOB.
Oreemr Ha 3Tu vr trpyrvre Bonpocbr Mo)KHo noryr{vrrb, paccMorpeB oco-
Sesuocrr4 TeKToHvrKkr v vrcropvv pa3Bvrrlr-fl reororl4qecKllx crpyKTyp, B Ko-
ropbrx rrpor4cxoAr.rxo SopurapoBaHr4e farIoreHHbIX $opntaqrafi. Tarofi rIoA-
xoA, K rrprrMepy, rro3Borr4Jr B. CosaHcKoMy (1963, 1971, 1973) He ro:rbKo
oSocHoears recHyro B3aHMocB.rr3b coreHaKoIIreHus c ByrKaHI4qecKI4MI4
npouecc awvr v r{HTpy3rrBHbrM MafMarr43MoM, Ho LI Aarb o6uryro cxeMy raKo-
fo farofeHe3a, 3aKrloqarcuyrcc.fi B cJleAyrorueM:
1 . Saccefiuau coJreHaKorrJreHr4.s csofi creeHHo rpa6eHoo6pasuoe crpoe-
HI4C.
2. R HX rrpeAeJrax r4MeJrrl Mecro .qu$QepeHulrpoBaHHble ilepeMeuleulafl
orrerbHrrx SroxoB c lrp eo 6raAauueM Hl4cxo4-rlqux AB l4xe uuit .
3 . llorez)KKrr 5ro xoe Hep eIKo co rrp oBox(Aarlncb vr3 :rrvrflHr4eM BynK alalr'-
qecKux raB cL{HXpoHHo c QopuzpoBaHl4eu corefi.
4. HaxorrJreHr4e MaKcr.rMaJrbHbrx MorrlHocrefi coreHocHblx TorIUr xapaK-
repHo frfl Har46oree r{HTeHcHBHo nporu6arouvrxefl, yrracrKoe seuHofi Kopbl.
B pesyrbrare aHarrvBa reorrofur{ecKr,rx AaHHbIX B. Cosaucxnfi npuxo-
Ar4T K BbrBoAy, .{To "coreHocHbre roxrqu SopurapoBaJrr{cb 6:raro4apfl [ocry-
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[JreHr4ro rB rry6vH ]oBeHprrbHbrx ropqql4x paccoros". BsInareHne corefr e
ocaAoK oH cB_fl3brBaeT c pe3Kr{M r{3MeHeHLIeM TepMOAI4HaM?ITIeCKOfO paBHO-
Becrr-s fr4ApoTepM, oTpr4rlafl rpr4 3TOM npqMylo feHeTplr{ecKyro cBf3b coleo6-
pa3oBaHvrfl. c BynKaHrr3MoM 12651. Taxne B3rn-f,Abl Bo MHoroM co3ByrIHbI c
rrpeAcraBrleHunMu B. llop$upbeBa (1961, 1963), H. KyepnBueBa (.1966) v
MHorr{x Apyrr{x yr{eHbrx. llpr paccMorpeHplt'I 3aKoHoMepHocrefi paslterue-
HH-fl KoHTr4HeHTarrbHbrx [aJreo3oficrux, MegogoficKux Ia rcafirtosoficKlax coJle-
poAHbrx 6accefrHoB Br4AHo, r{To B noAaBr-rrrcueM 6oruunHcrBe cryrraeB oHI4
Tflrorelor K TeKToHr4r{ecKH aKTr{BHbrM reoJrorl'IqecKuM crpyKTypaM (praoranr,
aBJraKoreHaM, rpa6eHaM, rrporr,r6au u r.n.). llo4reep)KAeHl4eM 3Toro flBJr-fler-
efl, Harr4rrve raJroreHHbrx Sopnnaqnfi B xpynuefiurux Bocroqso-
A$puxaucrofi, Eafir<anrcrofi (Cu6rapr) n PefiHcxofi (3ana4uax Enpona)
pu$ronsrx cr4creMax, llaronrcxo-Brarrcficronl (Cu6vpr) vr lHenpoecKo-
/{oHeuxona (Vxpavua) aBraKoreHax, rpa6enar fyAsoHoBa ilpoJrrBa (Kauaaa)
a 35po (VIratux), nporr,r6ax llapaAoKc (CllIA) n llpe4r<aprrarcKonr (Vxpau-
ua),, nnaAl4Hax Buxropr.Ix-Pueep (Ancrpatux) r'I Antasoncxofi (5pa^:nrvx), a
TaK)Ke Bo MHoTHX Apyrrrx noAo6nrx crpyKTypax ilxaHerbl. E. MpIraHoe-
cxnfi, (1983), vsy.uafl pacnpeAereHr{e ilorre3Hbrx I4cKorIaeMbIX n pra$roBblx
3oHax nlar$opM pa3Jrr{r{Horo Bo3pacra, orMerraer I4cKJnor{HTeiIbHo IlrupoKoe
pacilpocrpaHeHr4e B Hr4x MecropoNreuufi KaMeHHoit vt rcarrvtfisofr corefr. Ou
ilpHXoAr4T K BbrBoAy o roM, qro 3Tpr MecropoxAeHuq QopnlnpoBaJlucb B rlo-
ry3aMKHyrbrx rpa6euoo6pasnux BnaAr4Hax, B Koropble corb "... flocryilara
He roJrbKo r{3 coceAHr4x MopcKr{x BoAoeMoB, Ho 14 rIyTeM rlplrBHoca rry6uH-
Hbrx pacrBopoB rr4AporepMaMlI" [1 87].
lhar$opMeHHbre crpyKrypbr yKa3aHHbrx rI4rIoB, paciloro)KeHHble HI'I-
xe ypoBHf oKeaHa, B [epzotrbr rpaHcrpeccuir o6sr.{Ho rrpeBpaualrucb B Mo-
pr. flocKoJrbKy rpaHcrp eccw rpeArxecrBoBaJlu TeKToHl4qecxofr aRTABvr3a-
r\krvr vrv coBrraAarv c Hefi [186], ro K MoMeHry ilpo-flBneHl{.f, ilocrMarMarll-
qecxofi rr4Aporepnranruofi re.flTerbHocrl4 TaKI4e MopcKr'Ie Saccefisrt yxe
cy ruecrB o B arrr4. 3ro cosAaB aro 6raro npuqrHble y croBl4-q AJr-fl raroreHe3 a.
AHarHg JurrorrorprrrecKr4x pa3pe3oB pa3rI4LIHbIX coJIepoAHbIX 1accefi-
HOB yKa3bIBaeT Ha TO, r{TO KaMeHHafl COJIb AOBOIbHO qaCTO 3aJrefaeT na :s-
Sysunullx o6pasoBaHr4{x vrvr Haxolrrrc-fi Me)KAy AByMfl BynKaHoreHHbIMll
KoMnreKcaMI,I. B orAe:rbHbrx cryqa-f,x, B rroAcrl4xarculux raroreHHble orro-
)KeHufl rropoAax Bcrpeqarorc-fl rr{rrrb cJreAbr ByrKaHl4qecxoft reflTerlbHocrn B
Br4Ae fiefrJra. MaruaruqecKze iloporbr, 3aJreraroluue B noA- pI HaAcoreBbIX
$opruaqvrx, orHocflTc-rr K ocHoBHoMy pflAy LI [peAcraBreHLI rraBHbrna o6pa-
3oM Ar.raSazauu rpannoBofi Sopuarprzr, AoxepI4TaMV, 6asatstaMvr Lr t{x ry-
@anlr,r. 3ro rroATBepxAaer rroJro)KeHr4e o reHerl4r{ecrofi clfl3lr rrpoqeccoB
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ByrrKaHI43Ma (MarMarI43Ma) u ratoreHe3a 1164,235,252,328 u Ap.], a, c:re-
AoBarerbHo, no3BoJrrer yrBepAr4TeJIbHo orBerl4Tb Ha Borlpoc 06 y-9^acrvrn
3HAoreHHbrx BoA B coJreo6pa3oBaHl4Ia. IIo pacr{eranr C. HaSoro, NN. @epxy-
reHa, @. @pucauf . MaxAoHarrb4a coAep)KaHl4e BoAbI B JIaBax Aocrl4raer c
4 % [120]. Ha rpr4MepHo raKoe )Ke ee Korr4qecrBo yKa3F,IBaer vF. Mapxra-
Huu [1751. Kar< rroKa3arru pe3yJrbrarbr 3KcrIepI4MeHTaJIbHbIX I4ccJleAovauuir.,
BbrrrraBJr-rreMbre r43 ocHoBHbJX MafM BoAHbIe pacTBopbl B 3Har{rrTeJIF,HOfi Uepe
HacbrrrleHbr HoHaMu Na-, K-, Cl- t3B].
llo4rnepx{AeHr4eM DToMy .f,BJrflrorc-rr MHoror{I4creHHble cnyqal4 oSua-
py)KeHpu ByJrKaHrrr{ecKHX aflnaparoB, SyHr<IIZoHI4poBaBIrII4x B xafruosoe
[348]. Tar, SynlaponbHbre r{HKpycrarurvr BoKpyr ByrKaHoB I-{eurpa:rr,Hoil
Anlepr.rr<r4 cotrep)Kar raJrr4T, cr4JrbBr4H, rl4rlc, aHrvtpkrt ttt I.PYrI4e corlu. llo
MHeHrrro P. Crofr6epra u B. Poca, 3rH MI4HepaJIbI o6pasyrorcfl. vr3 3Kcrar.q-
Uufi H2Oo, SO'-0, CO'-r, HClo, HF" B pe3yrbrare r.IX peaKgttir c arnloccpe-
pofi, uusu:nrparlr4oHHbrMr,r BoAaMr4 u 6oKosblMrr nopoAaMu 1363). Haupo-
rrrB, KaK cr{Hraer C. AfiproH [328],ocHoBHofi rraaruarl{3M n pra$rax ropox-
Aaer accuMr,rrflrlr4ro 6pasoeaB[rr4xcq paHee 3BanopI4ToB rlolHuMaroulr4l.r'vrcfl,
6aga:rtroBbrMtr MarMaMr4. llpra pacKpr{craIrrv3aul4l4 rIocrIeAHI4x }roHbl corefr
nocTyrraroT B oKpy)Karotuee [pocrpaHcTBo B rIocTMafMaTI4rIeCKUX pacTBO-
pax. Tarcunr o6pa^aonr, He3aBucr,rMo or rofo, roBeHuJrbHbIMH I4JII4 pereHepu-
poBaHHbrMr4 flBrrrrorc-s uy6raHubre paccorbl, oHr{, npu 6taroilpl4flTHblx ca-
Tyaur{flx, rzrparor oqeHb Ba)KHyro porb e coreo6pa3oBaHwu. flpxHM ilpl4Me-
poM 3Toro flBr-flrorcfl rrpoueccbr faroreHe3a, rpol4cxoA.sul'Ie B praore Kpac-
Horo Mopfl 14 cB-rr3aHHbre c ByrKaHr4.recxofi AetlTenbHocrblo B Tperl4r{Hoe 14
qerBeprr4r{Hoe BpeMfl. 3Aecr Bo BilaAkr:nax (Arnaurvc-II, [ncxonepra, r{eiru)
Ha rry6une 1500-2170 M o6uapyNeuu ropnrrl4e (35-60 "C) xropl4lHo-
Harpr{eBue cla6oKr4cJrbre (pH 5-6) paccoJlbl c Ml4Heparvrza!;aei'r, eo 300 rlt vr
oTpHuaTelbHbrMrr 3HarlelHtrflM.vr oKr4cJII4TeIbHO-BOCCTaHOBI4TeTIbHO|O fIOTeH-
rJnara. XapaxrepHofi oco6enuocrbro 3Tr4x paccorloB, pa3rpy)Karotut{xcfl B
3oHe Bernxux aQpuraHcKt{x pa3JroMoB, -flBr-f,erc-a HacbltueHHocrb IlX x{ere-
3OM, rIr4rrKOM, MeAbrO, CBHHTIOM, pTyTbrO, MapfaHueM u IpyfvIMH MI{KpO3Ie-
MeHTaMr{, KOHUeHTpATJVTV KOTOpbTX B AeCflTKkT pA3 rrpeBbllxaloT KJIapKOBbIe B
uopcxofi BoAe 127,206,265,3331. Bo euaAvrHax, a raKxe BAorIb no6epexrx
Kpacuoro Moptr B 3oHax rry6uHubrx pa3noMoB HaxoA-flTcfl MHoroMerpoBble
TorLrIu ocaAKoB. Oun cocroflT l.r3 KaMeuHofi cortr{, rI4ApooKI4cJroB )Kere3a 14
o6orarueHbr eMr4 )Ke MHKpo3JreMeHTaMr4, r{To 14 paccoJlbl. Cr<opocrb HaKorI-
reHr.r-q raJraToBbrx orJroNenuri cocraBrlf,er He MeHee 40 cu ga 100 ler [206].
flouuuo praQra Kpacuoro Mopfl, raJroreHe:, o6ycJIoBJIeHHtrfi pasrpy3-
xofr :uAoreuHbrx rrocrMarMarr4r{ecKr4x paccoJloB B nropcxofr 6acceim, Hd-
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6rrcAaercn Bo MHoTHX Apyrr{x noAo6uslx crpyKrypax 1262, 265, 363]. B
r{acrHocrr4, oH 6rrl rilr4poKo pacnpocrpaHeH n fnenpoecxo-[oHelrKoM ila-
reopuSre r4 cBfl3aH, KaK yx(e orMer{aJrocb, c AeBoHcKkrM vr rrepMcKI4M ByrKa-
H r43MOM.
O $zsraxo-xrrMur{ecxofi oScrauoBKe coJreoSpasonauvrfl Mo}KHo cyALITb
no pe3yrbraraM r43yrreHr.rq ra3oBo-xplAK[rx BKJrrorIeHVfr s raJlrrre. B qacrHo-
crr4, Mac c - cneKTp o Merpr4rrecxufi aHarrvr3 BKrroqeH ufr, s AeB oHcKo fi rauesuo fi
coJrr4 ras HoeocaHx(apcxofi crpyKrypbr (AAB) rroKa3arl, rrro B cocraBe ra3o-
nofi $astr npeo6raAaer COz a B rroAr{zHeHHbrx Korl4r{ecrBax coAepxarcfl
CH+ v Hz (ra6r. 4.2).
Ta6mrua 4.2
Cocrae rasoeofi Sassr Bo BKrloqeHr,rsx B raJrr4Te ng HosocaH)KapcKoro
rrrroKa (no B.C. ilIafileqxofr, t978)
XHAxaq Qasa r4Meer xxopr4AHo-Kaxbrlr,reBo-Harpueetrfr cocraB, orJII,I-
qaercq rroJro)Kr4reJrbHbrMr.{ 3HaqeHvrflMvr Eh u r<ucrofi peaKulIefi fta6t. 4.3).
flo AansbrM ynbrpaMr4KpoxrrMr4rrecKoro aHarrr43a B xo,IAKofi Sase co-
Aep)Kr4rc x (y o/o): Fe2n - Ao 0,1 ; Fe3* - 0,0005 ; Bo:- - 0,001 [3 10].
V.{ilrsre afl. 3Haq'eqLrr Su:raxo -xr4MurrecKr4x rrap aM erp oB, np eAnorlara-
erc-f,, vro QopMr4poBaHr4e KaMesuofi coJrr.r ilpor,rcxoAl4ro rIpI4 IloBuurenuofr
TeMrrep aType v [aBneHrrpt.
flo iuueHr4ro 3. Perrepa (1970), AaBneHr4e Bo BpeMq roMoreHkaarJr4v
ra3oBo-)Kr4AKr4x BKrror{eHufr noqru s 2 pa3a [peBbllrraer ro, Koropoe cyue-
crBoBaJro rrpn MaHeparoo6pa:oBaHarvr. OrcroAa, floJrb3y.qcb AaHHrIMI4 ra6t.
4.3, HerpyAHo orrpeAervrb, r{To AeBoHcKoe (u, rIo-BrrAI4MoMy, uepnrcxoe)
coreo6p a3oBaHue ilpor4cxoAr4ro B pe3yxbrare BHeApeHr4fl Ktrcrblx nocrMar-
Marr4r{ecKr4x repMarrbHbrx pacrBopoB B nropcxofr 6acceftn rny6uuofi 500-700
M, XOJTOAHbTe BOAbr KOTOpO|O HMeIIT UIeIOTTHyFO peaKql{rc.
Taxuu o6pa: orr, Ha cr a1r4flx 3 aryxaHr4r reKToHr4q e cKo i4 axltsv3arryLr
fluenpoecxo-{oneuKoro aBJraKoreHa B Mope, cyuecrBoBaBlrlee, no ecefi ee-
poflTHocrr4, KaK B AeBoHcKoM rpa6eue, TaK r,r B nepMcKoM npora6e, rlpozc-
xoAr.rra p a3rpy3 Ka rro crMarMarr4r{ecK}rx p acrB op oe. OHa o cy uecrB JIrJIacb
l\b
o6p.
CO, N2 CH+ Hr CuHr, CrHs llpuvrevauue




Bx,rro.{eFlr4fl B farrvre tl3
BMeqarouefi xal,teuuoli
COJI14










@fl sraxo -xr4Mr4q ecKne rrap aMerpbr p acrB op oB BKJIror{eH ui,t us Aee oucxofi
KaMeHHofi coma Honocas)KapcKoro ulroKa (no B.C. ll lafileuxofi' 1978)
B ocHoBHoM no npoAonbHbrM (ocenuna) AonroNI4BytuI4M rny6unublM pa3xo-
MaM, KOTOpbre CJry)ril4JrH fJraBHbrMr4 KaHaraMI4 TerrnoMacconepeHoca Ha rlpo-
Tfl:rnetkrvr Bcero repur{HcKoro 3Tarra cKraff{arocrn. Bne,lperu{e BbIcoKoMu-
Heparr43oBaHHbrx (6oree 300 r/r) KI,IcJIsIX xropl4AHo-(xarmqraeno)-
HaTpueBbrx TepMarbHbrx 3HAofeHHbrx pacTBopoB B ToJIuIy xoIoAHbIX tue-
JIOI{HbIX MOPCKI4X BOA IIPI4BOAHIO K YBEJIIIIICHI4IO B IIOCICAHITX KOHUCHTPA-
unft uoHoe Na* ra Cl . B ceorc oqepeAb:, rrocrMarMarl{qecKl4e pacrBopbl, rle-
peMeur4Ba_flcb c MopcKHMr.r BoAaMr4, pe3Ko oxla)KAaJII{cb vI TepflJtrlt coJle-
Hocrb. B pesynbrare, B 3oHe r4x KoHTaKTa Qr,rsuxo-xl4MlzqecKoe paBHoBecne
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cyulecTBoBaBrxefo reoxuMrrqecKoro 6aprepa, HZ KoTopoM npOI4cXOAI{Jlo
SoprunpoBaHtre MHox(ecrBa rIeHTpoB Kpl4crar ru3ar\vv falrvrra. I4HreHcne-
Hocrb 3Toro rrpoqecca 6suta, ilo-Br4AHMoMy, ilpflMo rlpoilopuploHarlbHa cKo-
pocrrr oxralKAeHr{r repMaJrbHbrx paccoJroe. B ueHTpax Kpr{craxtvtzaryttu o6-
pa3oBbrB arrkrcb 3apoAbrrrreBbre Kpr{crarnbl raIrr4Ta. Hercoropoe BpeM-f, oHI4
HaxoAHrrrcb Bo B3BerrreHHoM cocToqHr4ll, Ho 3aTeM rlepepacilpeAelflIl,Icb.
llpu 3ToM MeJrKr4e KpucranJrbr pacrBopflJll{cr, a 6olee KpyilHble yBeruquBa-
rlrcb B Macce 14 pa3Mepax [304]. Nocruraq yAerbsofi ntaccbl, rlpeBstruarouefi
rrrorHocrb pacrBopa, 3Tr4 Kpr4craJrrbr no.II eostrefrcrBl,IeM cI4rIbI Tfl)Kecrn
oca)Klarr4cb Ha AHo Mopq. B Aa:mHefiilreM, B npoqecce 1uareHe3a, ilpol4c-
xoAr4ra pacKpr4craJrrrrr3aur4fl raxLrra v ero Aerl4rparar\krfl. Oxolo 95-99 %
BoAbr, yAep)Kr4eaeNaoff coJrblo, ilepelxJro e ceo6oAHoe cocrorHrle 1206L a ra,
Koropa.fl ocraracb, qBJrflercfl cocraBrlflroulefr rasoeo-x(pllKl4x BKnloqeHui,t s
faJrr.rTe r4rv npkrcyTcTByeT Ha noBepxHocTl4 KpI4CTaIJIOB  CB-tI3aHHOM CO-
croflHrrr{, o6nol aKr4Bar ux rouxofr nrenrofi. Aerulparar\r4fl 3aBep[Iuxa
oKoHqareJrbHoe SopnrrapoBaHr,re crpyKTypHbIX I4 reKcrypHblx oco6essocrefi
xaueusofi corz. Atx rrracroB rarrr4Ta xapaKTepHa [orocr{araq reKcrypa?
o6pasonaHluafl ToHKr4Mtr ilaparneJrbHbrMlr, orrll4r{arcull4Ml4cfl tlo UBery 14
crpyKType, croflMt{. llpupoaa 3Toro -sBreHufi BbITeKaer r43 AI4cKperHocrI,I
raroreH e3a vr o6ycnonneHa He cMeHofi cesoHoB roAa (r<arc 3To I,IMeer Mecro B
3aMKHyrbrx 3BarroplrroBbrx 6accefiHax), a rpepblBr{crocrbro rlocryrrreHl4.fl B
uopcxofi 6accefiru nopuufi rrySuuHbrx paccoJloB, yr{acrBy}oull4x e coneoS-
pa3oBaHHI4.
He ocraHaBJrr,rBascs 5o:ree Ha aHarr43e rex I4JII4 I4HIIX rarlore3, aBTop
rrpeArafaeT cxeMy faxofeHe3a:, ocHoBaHHylo Ha npeAcTaBileHl4flx o [pouec-
cax? [por4cxoA-f,ilIr4x KaK B luenponcro-louellKoM aBraKoreHe, TaK vr B
rpyrr.{x pra$roreHHbrx crpyKTypax rrJraHerbl. OHa Bo MHoroM coBrlaAaer co
cxeuofr 8.I4. CogaHcxoro (1973) u ocuoBaHa Ha cneAyrotul4x tloJro)KeHr4flx'.
1 . Kpynubre corepoAHbre 6accefritlr SopnrvpoBanvcb B perlroHarlbHblx
rpa6eHoo6pasHux crpyKTypax, B Koropbrx rlo AoJIro)KHByIIIt{M pa3rloMaM
traurnfr Horo 3 aJro )KeHr4-fl ilp or4cxoAr,rno nycKaHue 6.no xoB 3 eMHofi rcoprt .
2. ilpoueccbr coreo6pa3oBaHu-fl rrponcxoAl4xr{ B MopcKvx 6accefiHax,
3arrorHflrorqux pn$roreHHbre reororrrrrecKue crpyKTypbl Ha 3aKxlor{I4Terb-
H brx cr arJtrflx r e KT o H Iaq e c x o fr aKTlrB I'I3 arryryr.
3. fanoreHe3y rrpeArxecrBoBaJr o$$ysuesrtfi MarMaru3M, corpoBox{-
traslr.wircq pa3rpysxofi no pa3roMaM KrrcJrbrx ropl4trHo-Harpl4eBblx (xam',-
queeux) paccorroB.
4. Pasrpy3Ka 3HgoreHHbrx paccoxoB B Mopcxofi 6accefis rprlBo.4l4ra K
pe3KoMy yBerr4qeHuro coJreHocT[ npvxoHHblx cJIoeB BoAbI, BO3HI{KHOBeHUIO
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MHO)(eCTBa UeHTpOB Kpr4cTar[V3al\vru ra:IlvlTa 14 BbIIIaAeHI4IO XIOpI'IAa Ha-
Tpt4fl B OCaAOK.
Taxuu o6pasonr, $opnrrapoBaHr4e KaMeHHofr, 7, B HeKoropblx cryrlasx,
u xanuitHbrx coJtefi rpor4cxoAr4ro Ha rpaHuUe B3auMoAeficrBrlfl. AByx pa3-
rr4rrHbrx rro reHegvcy Bon - 3HAoreHHbrx I4 3K3oreHHbIX. llpn 3ToM I4HTeH-
ctrBHocrb npoueccoB raJroreHe3a HaxoAl4xacb B nptnaofi 3aBI4cI{MocrH or
KOII4I{CCTBA U KOHUCHTPATJKII4 3HAO|CHHbIX PACTBOPOB,, IIOCTYIIAIOIUUX B
uopucofr 6accefiH.
3ra cxeMa BrroJrHe coorBercrByer r4Meloul4nc-a SarraM. Bce rpylrHble
corepoAHbre 6accefinu AeficrBr4TeJrbHo o6pasonarvrcb B uau6oree rlorp)'-
x(eHHbrx reonorr4qecKr4x nrarQopMeHHbIX crpyKTyp?X, Koropble B ileprroA
coreHaKorrJreHlrr MorJrr{ 6rrrr xarc rpa6eHaMl4 (pn$rauu), rarc z rporl46alvrvr
(nnagnuanara). B nepeoM cryqaB peqb HAer o reKToHI{rIecKH MonoAbIX, a Bo
BropoM - o Sonee ApeBHux crpyKrypax.
He orpuuafl porn 14 Mecra DBanopr4Tvrcarp4tr IroBepxHocrHblx BoAoeMoB
v He paccMarpvBafl ByrrKaHr43M KaK eAI4HcrBeHHo 6-fl:arerbHoe ycJIoBI{e
coIeHaKo[IeHLLq, aBTop Bce )Ke [oJrafaeT, r{To npI4BeAeHHafl CXeMa faJlofe-
He3a Moxer pearbHo orpa)Karb ilpoUeccbl, npol4cxoAflulue n puSroreHHbIX
reoJrorr4r{ecKr4x crpyKTypax. Ona Aaer Bo3Mo)KHocrb oSocnoearb HaKoIIre-
Hr{e B cpaBHr{TeJrbHo rny6oxoBoAHoM MopcKoM Oaccefiue MoluHbIX, MuHe-
parrorr4qecKr4 oAHopolHbrx rorq KaMeHHoil cotu 3a orHocI4TeJIbHo Kopor-
xufi orpe3oK reororr4qecKoro BpeMeHr4. A rraeHoe - ilo3Bor-f,er yrBep)Ktrarb,
qro coxeo6pasoBaH!{e o6ycronireHo B3al4MoAefrcreueM pa3JrI4tIHbIX Io co-
craBy,, TeMrreparype, 3Har{eHl4.alt pH, Eh ra reHe3plcy BoA.
Oco6euuocmu pa3pyu,teHun coJtflH bm 3are)rceu
PaspyrueHr4e rrcKo[aeMbrx sarexefi KaMeHHoit coltt [poucxoAl4r B pe-
3yrrbrare pacrBop eHvrfl ee [oBepxHocrHbrwvr 14 rIoA3eMHbIMt{ BoAaMI4. Hav-
6oree r4HTeHcr,rBHo 3Tor rrpouecc nporeKaer B 3oHe ceo6oAHoro eoAoo6N,{e-
Ha noA BrrtrrHweM KaK ecrecrBeHHbrx (reororuuecxux), TaK 14 ]'IcKyccrBeH-
Hbrx (rexHorenurrx) $arcropoe. CxeNaa pa3pyuelr^nfl. coJIflHbIX sarexefr Nao-
xer Ssnb rlpeAcraBrleHa B creAyroqeM BI4Ae.
Kanrensa-fl corb - nerKopacrBopr4Moe coeAr4HeHl4e. llp, TeMrleparype
10"C rr AaBJresuu 760 MM pr.cr. pacrBopuMocrb ee B 4trcrvnJrlapoBauHofi
BoAe cocraBJrfler 357,2 rlt. Cropocrr pacrBopelevrfl, coru orpeAerflercfl
fr,lApoAr,rHaMHr{ecKuMr4 ycnoBr4flMpr, pefyrupyFoIIII4Mvr I4HTeHCHBHOCTb ilepe-
xoAa MoreKyr faJrr{Ta B pacTBop r,r 3aBucrrT rrpex{Ae Bcefo oT Hanopa BoAHo-
fo fIoToKa, collpr4Kacarcuefoc-fl c coJr-rrHblM TeIoM v >lr[a HaKJIOHa COJIflHOfO
rrracra K roprr3oHTy [ 44]. Heu 6oruue 3Trr BeJrI4qrrHbI, TeM cKopocrb pac-
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TBopeHHr coJrr4 Bbrrrre. Bo4a, Aocrr.rraq ilracra farvrra, ABI4)I(ercq B HailpaB-
reHwu ero naAeHkrfl, rrocrerreHHo cMbrBa-f, BepxHHe cJIoH. llpn MaJIbIX rparu-
eHTax flaneHr{fl fHApaBlr4rrecKofo ypoBHfl, BoI.a ilepeMelqaeTcfl orreHb MeA-
reHHo tr) B pe3yxETare rrpoAorxr,rrerbHoro B3aHMoAeitctsvs c r<auesuofr
coJrbro o6oraulaerc-s r4oHaMr4 Na- u Cl-. 3ro ilpl4BoArlr x cpopnrupoBaHl4ro B
3oHe KoHTaKTa HacbrrueHHbrx pacrBopoB, Koropsre o6pa3ylor BoKpyr corlfl-
Hbrx rer cBoeo6pasusrfi saulursr,rfr crofi. BraroAapfl 3ToMy, arpeccl4BHble
[pecHbre BoAbr, uMe]orrlHe MeHbrrryrc ilxoTHocTb, ABr4)Kyrcfl }]a[ paccoJlaMl4
3arrluTHofo crofl, He Bcryilafl Bo B3ar4MoAefrcreve c cor.f,HblMr{ 3are)KaMV.
flp" ycroBlrr4 cradutsHocrr{ reororrrqecxofi o6craHoeler vr orcyrcrBl'Il4
BHerrrHero eosAeficrBLt\ Me)KAy eoAofi H coJrtlo ycraHaBJIr{Baercr $asoroe
paBHoBeczre, rpeAoxpaHflrouree ee rrJracrbr or pacrBopeHvrfl. HapyureHue
STO|O paBHOBeCIdfl. rrplrBotrr4T, KaK npaBr4rro, K I43MeHeHI4IO EVIHAMT4T{eCKOfO
pe)Kr4Ma BoA t{ yBerr{eHr4ro r4x Hanopa. llpe4oxpaHr{remustfi crofi BoKpyr
corqHbrx rracroB pa3pyuaercfl. llporacxoAr4r r{HTeHcLIBHoe pacrBopeHl4e
rarvra, Koropoe [prrBoAr4r rc SopMr4poBaHr.rro 3K3oreHHbIX paccoJloe H o5-
pa3oBaHr4ro Kapcra.
Consuofi Kapcr, rrpeAcraBr-f,rourr4fi co6ofi flBJreHI4e xuMur{ecKoro pac-
TBopeHr4fl ropHbrx [opoA, Bbrpa)Kaercfl B o6pasonanrrpr iloBepxHocrHblx LI
rry6uHur,rx rrycrorHbrx crpyKryp v orpl4uarerbHblx $opt perte$a. OH
[rurpoKo pac[pocrpaHeH n lnenpoecr<o-floHerlKoM aBJ'IaKoreHe, Ho oco6eH-
Ho qacro Bcrpeqaercr. n Baxuyrcxofr KorroBr4ne [oHeuKoro nporra6a, rAe
rrepMcKr4e corrr4 3aJreralor e 6rlasn IIoB epxHo crrl.
-flsreHrae corrHoro Kapcra no4po6uo onucaHo [40, 64, 66, 257, 305',
325 r4 Ap.]. llooroMy B MoHorpa$"" BHr.rMaHr.re aKueHrl4poBaHo rI,IIrIE, Ha
HaHMeHee z3yrreHHoM Borrpoce :rofi npo6renrbr. Pe.rs HAer o ponu reKToHt{-
qecKux flpoqeccoB B KapcrooSpasonaHtrzt.
Auatrurcvpyx rpocrpaHcrBeHHoe pa3MerrreHue npoxnreHlafr corflHoro
Kapcra n Eaxvryrcrcofi KorrroBr{ue (pr,rc. 4.6) uerpy.uno 3aMerI,ITb, r{To orHt{
r,r3 Hr4x HaxoA.srcr B pafroHe paccoJronpoMbrcnoe (CnaBflHcKoe Ia HoeoKap-
Sareucxoe Mecropo)KAeHrat) v coJr-f,Hbrx [raxr (AprenaoBcKoe Mecropo)KAe-
nue), a Apyrr4e - KoHTpoxr4pylorc.q 3oHaMr4 peruoHaJIbHbIX pa3roMoB.
B nepnoM cryqae Kapcroo6pa:oealnkre cB.s3aHo c r4cKyccrBeHHbIM BbI-
uerar{r4BaHr,reM r4 pacrBopeHrreM raJroreHHbIX Qopuauvit nvNHefi nepMl4 c
uerblo noryqeHvrfl v Aalrseil[rero H3Brer{eHr4r ilpoMbIrrIJIeHHbIX paccoJroB,
a TaKlKe 3arorrleHr4eM colrrHbrx rraxr B pe3ylbTaTe rrpopblBa floA3eMHblx
BoA. llpr,r 3ToM, Ha rroBepxHocrr4 pa3Br4Tr4e corrHoro Kapcra npo-sBrflerc-s B
ilpocetraHrru KpoBrH HaA rrycroraMzr vl o6pasoeanvrv npoBaroB, r{To rIpI{Bo-
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Ar.rT He TOJTbKO K HapyueHlrro pe)Kr{Ma 3KcilJlyararrylkr fopHbIX BblpaooroK,
Ir3MeHeHr4rO Mr{Heparrv3ar\Lwl LrcocTaBa BoA, Ho H K BbIBOAy 143 fIOJIb3OBaHVrfl
)Krrrbrx u [poMb[rrJreHHbrx crpoeHuit. Tax,, B rrepre r. co.neAapa ]F^aA fopHbl-
Mr4 Bbrpa6orxauu ruaxrbr J\b 2, BcJreAcrBr4e pa3pylxeHl4.f, KapcroM Me)KKa-
MepHbrx corrHbrx rreJrrrKoB o6pasoearacb o6rurapuas BopoHKa ilpoQen.alnprfl
pa3Mepanuz 400x10000 nr u rny6unofi cBbIrIe 1,5 u.3ro npnBeJlo x 4eQop-
Maulru{ z1auvtfr 14 coopyxeunfr H Bbr3Baro seo6xoAl{Mocrb cporrHoro crpol4-
TerbcrBa HoBoro Mr4Kpopafroua ropoAa Ar.rr orceJreHllfl nroAefi. C rapcro-
BbrMr4 rrpoueccaMr4 cB.fl3aHo rrpoceAaHr4e KpoBrru vr o6pasonaHvre npoBaJIoB
HaA ropHbrMr4 etrpa6orKaMr{ 3arorrreHHbrx 14 ue4eficrByroull4x cor-f,Hblx
rrraxr (nr*. TlTeeqeHrco ra JVs 1 rau. Aprenra). B qacrHocrz, BoKpyr crBoJIa
rrraxrbr raNr. llleer{eHKo o6pasonarocb 5 uponanbHblx BopoHoK pa3MepaMLI or
27x37 u Ao 150x 190nr, 3arorrHeHHbrx paccoJraMu pa3Hofr xoHIleHrpaul4v,. A
B rrraxre J\b 1 un. ApreMa qepe: 19 rer rrocJre ee 3arorlJreHl,I-fl, B pe3yrbrare
pa3MbrBa rrracroB corr4 npoa3orrrro odpyrueuue crBoJra c o6pasonaHl4eM
rny6oxofi npoeamHofi BopoHKu pa3Mepom 65x70 u.
He MeHee rrHTeHcr4BHo rrpoucxoAr4T o6pason aHlae orpl4uarerbHblx
Qop* perteQa HaA BbrrrlerorreHHbrMr4 rrracraMr4 KaMeHHoil colu n pafroue
paccororpoMbrcra Hosrrfi Kap$aren. 3Aecb, B pe3yrlbrare pa3Bvrrr4fl, coJlfl-
Horo Kapcra rroMuMo o6rurapuofi enaAr4Hbr pa3Meporu 4501500 rvr u rty6u-
uofi Ao 8-10 M, o6pasoearocb oKoro 20 KpynHbrx rIpoBaJrbHbIX BopoHoK
pa3MepaMr4 Ao 50x250 M, a raKxe MHoxecrBo MeJTKHX BopoHoI{ ilpoBarbHo-
ro rr4rra trLraMerpoM or l-2 lo 20-30 na.
llotrul,ro rexHoreHHoro, Ha 3Haqr4TerrbHbrx reppr,rro pLrflx pa3BI4T ecre-
crBeHHbrfi xapcr, o6pasyroruuficq B pe3yrrbrare reorrorr4qecKnx ilpoueccoB.
flocreAsrafi uo4pa34errercfl Ha Apeeuufi (norpe6eHuufi) 14 coBpenreuuttfi.
B Eaxuyrcxofi KorroBtrHe qBreHr4e ecrecrBeHHoro Kapcra cBq3aHo c reKTo-
Hr,rqecKr4Mr4 Hapy[reHvrflMrr pa3rnrrHbrx HarrpaBrleuuk v [por-flxeHHocrl{.
Hara6o:ree Ba)KHyro poJrb rrpr 3ToM r4rparor 3oHbr perr4oHarbHblx Kopy:n-
cxo-[poHoBcKofo n Arua3Horo pa3JroMoB, B rrpeAeirax Koropbrx Kapcr pa3-
Br{T HanSolee [rr4poKo. OuuqurelrHofi oco6eusocrbro reKToHoreHHoro
KapcTa flBJlfleTcs To, r{To B BepTHKaJrbHoM pa3pe3e oH qacTo oxBaTbIBaeT He
TorrbKo 3arre)Kr4 KaMeHHoit coll'u, Ho r.r Apyrue lopoAbr (runcrt,, aHrI4ApI4TbI,
M eJr, r{3B ecrH xxu), p ac c eK aeMbre p a3pbrBHbIMI4 HapyureH vflMr4.
Kapcroo6pasonanue rro BpeMeHZ o6uqso coBrraAaer c Irepl4oAaMu
TeKroHu.{ecKofi aKTHBLr3ar\Lrkr 13571. llo:ronry Ha oIHHX 14 Tex )Ke yr{acrKax
3oH AoJrrox{rrByrrrr4x pa3roMoB Mor QopuupoBarbcfl KaK ApeBuuit, TaK u co-
BpeMeHHrrfi xapcr. B 3ToM cJryqae s1tusu pa3pbrBHoro HapyrueHlrt Moryr
o6pasoearbcq raK Ha3bIBaeMbIe "rr.r4po4l,rHaMl4qecKl4e oKHa", rro KoropblM
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frpor4cxouvrT tlHTeHCr.rBHafl r]rrpKyrtrflIryfl fa3oB I4 BOAHbIX paCTBOpOB, a fJIy-
6vua pacnpocrpaHeHr.{-s KapcroBbrx rrpoqeccoB Mox(er Aocrl4farb AecflTKoB
14 Aax{e coreH MerpoB or rroBepxHocrr4. Cne4yer orMerr4Tb, t{To AoBoJIbHo
qacro B oAHrrx r.r rex xe Mecrax rrpor4cxoAl4T SopuutpoBaHr{e KaK ecrecr-
BeHHOfO, TaK I4 I,ICKyCCTBeHHO|O COTIflHOfO KapCTa.
lpeeuufi colsuofi Kapcr Ha floBepxHocrrr rrpoflBJl-f,ercfl orleHb peAKo Ir
Mo)Ker 6srru Bbrpa)KeH rrororkrMzt TIoKaJIbHbIMH nporra6auvr Lr Bilal.vrHaMvr.
O6uapyNzrBaercfl. oH, KaK rrpaBr4Jro, 6ypenueM I4JII4 reoSusraqecKl4Ml4 Mero-
[\ar,ltz^, Ho Ha rr4Aporeororkrr{e cxuit pe)KrrM oKpyx(arcueir reppl4roplrl4 oKa-
3brBaer AoBorIbHo 6om,uoe Brvfllnr4e. Tar,, pa3BI4TI4e 3anorHeHHbIX Me3o-
KafiHosoficxuuu ocaAKaMr4 ApeBHHX KapcroBblx AoJrI4H oSycnauuBaer B
r{epre r. AprenroBcKa rroBbrrrreHHyro o6eoAHeHHocrb [epeKpbITbIX rafiuo-
goficxttuu orrroxeHr4flMlr [epMcKrrx ilopoA. 3ro ilprrBoAl4T K yBerI,IrIeHI4]o
yponuefr rpyHroBbrx BoA u noArorrJreHl4ro gp:araia I4 coopyNenufi. Melxue
ApeBHr4e KapcToBbre rrycToTbr B oTAeJrbHbrx cIlyqaflx TaKXe Brrr-flroT Ha I4H-
xeHep Ho-reo Jrorr,rqecKpre oco6euuo crn p afi o n o e I4x p acilp o crp aH eHvrfl .
ConpenaeHnrrfi TeKToHoreuurrfi Kapcr o6paayercx Ha yqacrKax artb-
nnficrcofi aKTr{Btr3agr4 pa3rroMoB 14 pacryulr4x aHr}rKJrI4HarbHbIX crpyKryp.
OH nnoNer 6srrt KaK [oBepxHocrHbrM, TaK 14 rloA3eMHrtna. lloeepxHocrHble
$opurr coBpeMeHHoro Kapcra, pa3Buroro B rrpeAerax BrI{qHI4fl pa3pbIBHbIX
HapyrueHuit, no KoropbrM npor4cxoArr HeoreKToHLIqecKI,Ie [oABI4)I(KI4, Irpo-
flBJrflrorcfl AoBoJIbHo rrerKo. Bna4nnrr, npoBaJIbI, BopoHKI,I ilpoceAaHI,It
r,rMeror pe3Kr4e or{epraHr4fl. rr Kpyroe (raHor4a - orBecHoe) na4enue 6oproB.
Taxofr Kapcr xapaKrepeH Arr Crae.flHcxofi corflHoKyrloru,uofr crpyKrypbl,
Bo3AbrMaHr4e Koropofi no Kopyrrcxo-fpoHoBcKoMy pa3roMy B Hacro-f,rlee
BpeMtr Aocrr4raer 1,5 MM B rol1299]. KapcroBbre rlpoBarbl 14 Boponxa o6pa-
3yrorc_fl 3Aecb B rrpeAerrax Haro)KeHHofo Ha crpyKrypy, pacrylllefo KytloJrb-
Horo rroAHflTr4tr pr coBrraAaror c KoHTypaMI4 feorepMuqecKl4x aHoualnfi. flo-
crreAHrre Srar<cutpyror orrarr4 TerrroMaccolepeHoca, xoroprtfi ocyuecrBr-fler-
cfl Ha frrApoAr{HaMr4r{ecKr4 oTKpbrTbrx yqacTKax pa3JIoMoB B pe3yJlbTaTe KOH-
BeKur4oHHoft eocxoAsulefi pa3rpy3Kn rty6uHHbIX BoA H TenrloBoro rloroKa.
B uexoropbrx KapcroBbrx rrpoBaJrax ilpor4cxoA-f,T KoJIe6auvs. yponuefr I4 reM-
rrepaTypbr paccora, a TaKxre ilepr4otrr{qecKr4e I,I3MeHeHI{.fl fa3OBOfO COCTaBa
eo4 (e qacrHocrr4, coAepNauufi rerr4fl r4 rByoKttcvr >/rxepoaa). 3ro s oilpe-
AeJreHHofi naepe cBuAereJrbcrByer o roM, r{To corquoil xaper r{acro flBrflercfl
orpaxeHr4eM rrpoueccoB, tlpol4cxotrflull4x B Hetrpax 3entrv.
llotrseuur,rfr TeKToHoresusrfi Kapcr pa3BrrBaerc-fl Ha uySnHax 200-
300u v 6oree. fny6uHa ero pacrpocrpaHeHr4-fl olrpeAeJrfl.ercfl crelreHbro
rr4rpolusauuqecrofi npoHr4rlaeMocrrr pa3pbrBHblx Hapyueuufr 14 cyMMap-
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Hofi aMlxr4TyAofi HeoreKToHr4qecKr,rx ABr4x(eHkrfr, Ha AaHHoM yr{acrKe 3eMHofi
Kopbr. ConpetrenHrrfi rroA3eMHufi xapcr, KaK r{ ApeBHufi, nroxtHo BbI-f,BI4Tb
rprrrrb reo$usuqecKr4Mu MeroAaMv v 6ypeHI4eM. llogroNq/ I43BecrHbI AareKo
He Bce yqacrKr4 ero ilporBreHr.rr. Tenr He MeHee, BblAerl.f,rorcfl IIeJrbIe 3oHbI
noA3eMHoro Kapcroo6pasoBaHnq, Koropbre coBnaAaror c [poqBreHI4ffMI4 ec-
TecrBeHHofo noBepxHocrHofo Kapcra u ilpor-flfr4Barorcq BAorb AonfolKl4By-
ulilx pa3rroMoe. T[nurrHbrM rrpuMepoM coBpeMeHHoro iloA3eMHoro coJrflHo-
fo Kapcra flBJTflerc-fl yrracToK B rrpeAeJrax Ha.qBI4fa ceBepo-3arlaAHofo Ha-
npaBreHufl, npoxoAfiruero rro 6. Ceurxnu -flp (npaerrfr rpl4roK p. Cyxax
fl.norna). 34ect B r4HrepBare rryduu 200-250 M npol4cxoAl4r HHreHcr'IBHoe
Bbrrrlerar{prBaHr.re xanresHofi corr4. llpoqeccsr BbIIrIeraqvrBaHVr. nppIBeJII4 K
o6pasoeaHr{ro KapcroBbrx rroJrocrefi pa3MepaMr,r o lx1 lo 25-30 M, coAep-
)Karrrr4x 6olstuue o6renabr paccoJroB c KoHueHrpaquefi Ao 150-200 rln Pac-
corbr r{Meror HaropHbrfi xapaxrep. Benu.l:lrHa Hailopa - Ao 210 u (cauorz:-
rr4B rro cKBa)KHHaw).V noAo6nrre cryqar4 He eAI4HI4qHbI. llpaxruuecKl4 Be3-
Ae, fAe Ha reppHTopr4r{ pefr4oHa AonfoxruByrur.rMr4 pa3roMaMr'I Hapy[reHbl
rrracrbr KaMeHHoit colu, Ha6ruoAarorcr flBrrenrrr, Kapcroo6pasoeankrfl. v co-
rrpoBox(Aarouue r4x npoqeccbl.
VIzy ueuvte reKToH oreHHo ro corrfl Horo Kap cro o 6p a: oB aHHfl IIo3B ort{ro
ycTaHoBrrTb, qTo MexaHr{3M 3Tofo qBfleHp{-fl r{MeeT o[peAeJreHHble 3aKoHHo-
M ep H o cr v u o 5y c.rl o B Jre H TaKI,I MlI np o qe c c aMr4'.
1. TexroHr4r{ecKr4e noABr4xKr,r, Bbr3brBaror [epeMetueHrre 6roxoe 3eM-
uofr xopbr rr Apo6resze ilopo4 c obpasoBaHr{eM fr.rApoAI4HaMI4rIecKI4 aKrI4B-
Hbrx 3oH, rro KoropbrM rrpoucxoAvrr vrHTeHcuBHafl IllrpKylrflril4r IauQnnrrpa-
ur.roHHbrx u rry6rrHHblx rIoA3eMHI;IX BoA
2. f eoAnsaMr4r{ecKoe Hapy[reHr,re cJrox{r.rBruerocr @usuxo-
MexaHl4r{ecKofo paBHoBeetrfl, B cr4creMe "corb-BoEa" npuBoAI4T K pacrBope-
Hlrlo KaMeHHoit cort ra oSpa:oBaHrlro Kapcra.
Taxunr o6pasol,r, colrxuofi Kapcr B ecrecrBeHHblx ycJloBl4flx rlacro
1 v
QopMr4pyeTcq B 3oHax coBpeMeHHor4 TeKToHr.lqecKoI4 aKTp{BI43AWV, B KOTO-
pbrx, 6raroAap{ nepepacilpelerreHrrro Hanp-s)Keuvtit, rpol4cxoAl4r Ae3nHre-
rpaur4fl rropoA 14 rrHTeHcu$nrcaqr4fl rrpoqeccoB rerlrloMacconepeHoca. B pe-
3yrbrare, ycraHoBr4Brrreecfl paBHoBecr4e B cl4creMe "corb-BoAa" Hapymaer-
cfl, r{To 14 npHBoALrr K frBIreHrrrM Kapcroo6pasonatvrfl.
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rflABA 5
METOII4I(A U pESyJIbTATbI TI4IPOTEOXI4MI4ITECKI4X nOI4CKOB m
N POTHOST4POBAHI4qI trJIYEOKOSAJIE TANUI,I4X ME C TO POXTE HI4IZ B
BOCTOTIHOilI IIACT'I IHENPOBCKO-,qOHEUKOTO ABJIAKOTEHA
feorutrr{r{ecKr4e ceofrcrea rroA3eMHbIX BoA I4cnorlb3yrorcr B pa3nl4q-
Hbrx orpacx-rrx npaKTu.{ecxofi reoJrorrlll. Irlcuortsyfl ux, Mo)KHo Kaprl4po-
Barb orlafH Te[JloMaccolepeHoca r{ 30Hbr Aonfox{zBylIIHX pa3roMoB,, flpoBo-
Ar4Tb rtor{cKtr Mecropox4eHrafi rrore3Hblx I4cKonaeMbIX, pelxarb 3Kororl4r{e-
cKr{e v trpyrue 3ataqzr. B npaxrr4Ke reorloropa3BeAor{Hblx pa6or n f,on6acce
ra {Henpoecxo-/[oneuxofi BrraAr4He rrrr4poKoe pa3BI4rI4e iloryqr4r rLrl.poreo-
xr4Mr4qecxufr ueroA rrolrcKoB H ilporHo3rrpoBaHl4fl cKpblToro opyAeHeHr4fl,.
3ro odycJroBreHo c oAHofi cropouu, uy6uHHocrbro, d Q 4pyrofr - orHocl'I-
remuofi AerueBr{3sofi tt xoporuefi pesyllrarllBHocrb}o MeroAa.
fu4poreoxuMurrecKr4e rror4cKpr u [porHo3prpoBaHl4e B perl4oHe [poBo-
iltuwrcb B coorBercrBvrr4 c rr3BecrHbIMI4 MeroAr.IKawu 126,72,74, 103', 119,
180, 182, 183,248 r4 Ap.]. OAHaro Ha rporfll,KeHr4vr norrrl,I ABaAuarnrerHero
lep?roAa oHr4 frocToflHHo coBepueHcTBoBaJII{cb  yqeToM feorofl4r{ecKl,Ix,
f r4Ap o f e oJI o f r4r{ e c Kr4x, M r4H ep af eHr4r{ ecK vrx 14 f e oxI,IM I4 q e c KI4x o c o 6 enno cre fi
[uenpoecr<o-fouerlKoro aBJraKofesa. 3ro Iro3BoJIlrJIo pa3paSorars MeroAtI-
IICCKHE PEKOMEHAAIg]{ltr IIO NPI{MCHEHLITO fI4APOfCOXI4MI,IqCCKOfO MCTOAA fIO-
rrcKoB cKpbrroro opyAeHeHr4q n Non6acce u lnenponcxo-loueqxofi Bilal.kr-
He 1179]. OcHoBHbrM orrur{ueM HX or cyrqecrByrou{Hx paHee flBrflerct noA-
xoA K paccMoTpeHr4ro [poueccoB rrpr4BHoca - BbrHoca Beu{ecTBa IIoA3eMHbr-
Mr4 BoAaMrr, r{, KaK cJreAcrBne - K SopnrupoBaHl4}o fI4AporeoxI4MI4r{ecKrIX
opeoroB pacceflHr4fl. O6rrqHo o6pason aHr4e BoAHrIX opeoJloB pacceflHr4r
paccMarpr4Baercf, KaK pe3yrbrar BbrHoca zuQznrrpaunoHHblMr{ BoraMI4
BeurecrBa rpr4 runepreHHoM pa3pyueHr,rr4 ropHbrx nopoA 14 MuHeparoe. OA-
HaKo Qaxrrr, ycraHoBJreHHbre B rrpoqecce Arr4TerbHoro u3yr{eHl4fl reoxLIMI4I4
rroA3eMHbrx BoA pefr4oHa:, frolTBep)KAaror ofpoMHoe nol,IcKoBoe 3Har{eHI,Ie
rr{AporeoxrrMr{rrecKr{x aHoMarr4fi, @opul4pyrotul4xcfl 3a crrer npl4BHoca roA-
3eMHbrMr4 BOAaMVT pA3XpIr{HbrX fIIIIOfeHHbIX XI4MI.IqeCKI4X 3IeMeHTOB 14 CO-
eAr4HeHHit uz or{aroB r:ry6vHuofi reuepa\r4v. Taxofi rroAXoA BbI3Bar seo6-
xoAr4Mocrb coBeprleHcrBoBaHr4fl TpailvrJuosuofr MeroAI4KI4 npoBeAeHtlfl
rr4Aporeoxr4Mr4qecKux rror4cKoB vr er,rpa6orxu Kpr{TepI4eB uHTeplperar\r4r4
roryqaeMbrx pe3ynbTaToB.
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5. 1. OnsIT rlpoBeAeHuq rllAporeoxl{MlrrtecKux rIoI'rcKoB
n lou6acce rr luenpoecrco-{oseurcofi BraArrHe
B loH6acce u AAB ilpoBoAr4Jrr4cb pa3nr4r{Hble rnAporeoxl{Ml4qecKl4e
r{ccretroBanvrr cbeMKlr, rror{cKr4, o[brrHo-MeroAnr{ecKr'Ie pa6omr (ra5r.
s.1).
TaSnuua 5.1
B raA rr rr4Ap o r e oxr4 M lrrr e c K r4x 14 cc Jr e A o v auvtit, ilp o B o A t{ B rrl I4x c-fl
e AoH6acce r4 roro-Bocroqsoff q'acrvr n.4B
llouyruo ilpu rr{Aporeoxr4MlrrrecKux nor4cKax cKpblToro opyAeHeHI4{
p e[rarr4c b cxeAyrc rur4e f e o JI o f Irq e cK I,I e 3a!.4ril4'.
1. KaprupoBaHr4e rro rr.rAporeoxr4MprqecKprM rpr43HaKaM 3oH TeKToHI4-
qecKux pa3JroMoB pr orAerbHblx pa3pbIBHbIX Hapyrueuufi.
2 . BstssreHr{e cyilIecrByro UIHX o qaf oB TerrJro Mac c olep eHo ca.
3. WzyueHpre cocraBa Mr,IHepaJIbHbIX r{ ilpoMbIIxreHHEIX Bor.
4. Oxourypr{BaHne yqacrKoB TexHoreHHoro 3arpfl3HeHl4fl, noA3eMHbIX
14 rroBepxHocTHbrx BoA.
llocxomry MeroAr4Ka ilpoBe Aurafl B perr4oHe rlrAporeoxl4Mplr{ecKux
froprcKoB rr ilporHo3r.rpoBaHr4fl oily6rprxoeaHa [1]91, creAyer roArlepKHyrb
rr{rrrb uar,rSolee Ba)KHbre ee acrreKTbr. Tar, oilpereJreHr4e sau6otee xapaK-
Bulsr  L{ccneAoBa-
ttttit
Macrura6 Ifenu v 3a6av-r4
fn4poreoxnMVrrec-
KI,IC CbCMKI4
1:200000Vzy uemue p e f rr o H an b H bIX o c o 6 e u H o c r e fr re ox vMVu
rroA3eMHbrx BoA, o6rqaq oIIeHKa repp[Topvrr4 Ha
Bo3MoxHoe HarI4r{I4e MecropoxAeHHfr no:regnttx
r.1cKo[aeMbrx, BbIAerTeHI{e nnoqaAeit Als, npoBeAe-
Hr.{r rror4cron. Me:rKoMac IrITa6 Ho e nporHo3 I4p o B aHI{ e




Vlzyuewue p aii o u o e, r ep cneKrl4 BHrIX Ha o6 u apy)Ke -
Hr4e IroJle3Hbrx r4cKo[aeMblx; BbIfBJIeHI4e fI4ApOfeO-
xr{MnqecKl4x aHoMaluiz u yLIacrKoB An-tI Aerann3a-
rlr4oHHbrx rrollcKoB. llporHo:ttpoBaHue 3oH 14 yqacr-
KoB Bo3MoxHoro 3aJIeraHI4t MecropoxAeuufi (u py-
AoilporBneuvrfi)
l-  raaporeoxh M 14 LIec-
KI,IE |IOHCKI{
I  :1 0000-
1:5000
fiet atmzar]r4t f eoxuMl{rre c Krrx ag ou al u [, I43yr{eH I{e







Vzyuerune rrp npoAbl rl4Apo reoxr'IM I4 q e cKlrx aH oM a-
lufr , ux 3oHanbHocrr4 ; ycraHoB,rleHne rtou cKoBbIX
Kpr4TeprreB cKpbrrofo opyAeHeHlds H BblqBreHne
llyAHbrx Ten
1 - aI  t )
TepHbrx AI_s iloA3eMHbrx BoA pefr,roHa MpIKpo3neMeHToB ilpoI43BOAI{IOCb XI4-
MuKo-aH arr4TWrecKI4MI4 MeroAaM:n Zn -AI4TI43oHoBrIM; As - B3aI'IMoAefrcr-
Br{fl MbrrrrbqKoBncroro BoAopoAa c con-flMl4 xnopuofi pryru; Br - rl4rloxro-
pr,rAHbrM;B vt F - r<oropr4Merpr4rrecKr4M; Ctt - [vr:.rvrr-Arrrl4oKap6ouarurtv.
Cyxrae ocrarKr4 Bcex npo6 a*arrvr3vpoBaJrl4cb Ha Arl$par<ql4oHHoM
crreKrporpaSe CT3-1 c orpeAeneHr4eM, KaK Mr'IHI4MyM, 30 xI4MI,IqecKI4x
3reMeHToB, rlpeAertr o6HapyxeHllf, Koropbrx rpI,IBeAeHbI e ra6ruUe 5.2.
Talrruua 5.2
llpe4enrr o6Hapyx{eHl4-f, MI4Kpo3reMeHToB cyxl4x ocrarKax







Cu, Pb, Ni, Cr, V, Sn, Mn, Be, Yb, Bi, Ge, Ga, 1 . 10-4
Ti, w, cd 3.10 4
Co 4.rc-4
Sc 5.10-4
Zn, Nb, La,Y 1.10- l
Zr, Ce, Sb 3.10
As 5. 1 0- '
Ba, P'  Sr 1.10 2
Onpe4e:reHr4e rrvrrvrfl, py6ugvx, ue3r4q 14 crpoHul4fl npotr3BoAl{Jlocb Me-
TotroM nJraMeHHofi S oroMerpr4r{. lrr perr4crp aul4 v kr3 ry LreHufl ilpl4MeH-fl rcq
yHr4BepcartHtrfr MoHoxpoMarop yM-2 co cnelll4anrsofi Soro:neKrpl4r{e-
cxofi_ rpr4craeKofi. llpegeru o6HapyxeHl4fl: Li v Sr 1 '10-", Rb vr Cs
1.10- 'o /o.
C ueJrbro rrpoBepKr4 KarrecrBa BbrlorHeHr4-f, aHarI43oB tlpopl3Bo trvrtl,cfl
BHerrrHr4fr (5% npo6) ?r BHyrpeusufi (I0% npo6) na6oparopusrfi KoHrporb.
flpu SToM HcrI{HHbIe orura6xl4 B cpeAHeM He npeBbllrlatm20o/o.
Oco6oe 3HaqeHHe r{MeJro onpeAereHr4e pryrl4 - TI,IrIoMopSHoro 3ile-
MeHTa [OA3eMHbrX BOA rr fopHbrx rropoA pefHoHa, B KoTopbrx oHa flBil'{eTcfl.
oAHrrM r{3 ocHoBHbrx pyAHbrx 3JreMeHToe. B reororl'I.{ecKofi npaKTI'IKe [pI4-
MeHeTc_f B ocHoBHoM ABa MeToAa oipeAeIeHI4f pTyTI4 B BOAe - AkTTVT3OHO-
elrfi 14 aroMHo-a6cop6uuouuufi. CouocraBJreHr4e pe3yrbraroB aHarII43I4po-
BaHvrfl 3Tr4Mr{ MeroAaMr{ oAHr4x r4 Tex Ne npo6 yKa3blBaer Ha 6o:rsurue pac-
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xox{AeHl{fl, a HepeAKo I4 IIOJIHOe HeCOBIIaAeHI4e ilOIyr{eHHbIX 3Har{eHI',IlI KOH-
ueHTpauufr pryrlr B BoAe. llo-euAr{MoMy, 3To o6'ss.cssercfl TeM, r{To Kax-
AbrM rr3 MeroAoB oilpeAeJrflrorcfi. pasrrvqHble Sopnmr pryrl4. fluru:oltoBblM
MeTOAOM - pryTE,, HaXOA-f,rUafl.Qfl, B MaJIOTTOABpI){GbIX TpyAHOpa3pyuaeMbIX
KoMrrreKcHbrx coeArrHeHkrflx c opraHuxofi t,t cepoBoAopoAoM, Koropble yc-
rofiqusH Aax(e [pr4 BbrcoKrrx reMneparypax, a aroMHo-a6cop6uaosHuM -
pTyTb, Mr.{fpr4pyroqaq B refKopacTBopr4Mblx KoMfIxeKcHbIX COeAI4HeHI'Iflx c
raJroreHawtr, rr4ApoKcr{Jr-r4oHonr, cynr,sar-I{oHoM Ia Ap., a raK)Ke s ceo6oA-
uofr SopMe II79,2901. B 1960-x - B0-r roAax e 6omu]rHcrBe reororllqe-
cKr.rx r4Mr4qecxux ra6oparopr4fr oupe4eJleHrre pryrr'I B B oAe rlpot'I3BoAl'IJrocb
ATTTH3OHOBbIM MeToAoM? tIyBOTBHTeIbHoCTb KoTOporO - n.10-' r/:r - n'10-' rlt
1180,2421. B uacro.flruee BpeMf Ha cMeHy [krrv3oHoBoMy lrpl4urer BbIcoKo-
rryBcTBr4re6ssrfi aToMHo-a6cop6Ur.rousrrfr MeToA orIpeI{eJI eHr4fl. 3IeMeHTa,
rpeAerbr o6uapy)KeHr4fl pryrr{ KoropblM Aocrl4rarcr n'10-B rir - n'10-10 r/r.
Oqeuxa p e3yrbraroB rr4Ap oreoxuMr,Iqe cKI4x I4c c JIeAo satuir n !ou6 ac -
ce u AAB o6trqso rpopr3Bo p.vrefl Ha ocHoBe coilocraBreHl4-q roryqeHHblx
AaHHbIX C TeKTOHT{r{eCKLIMI4; fl4trpofeoJrofl,IqecKI,IMI',I, MeTaI-JrOfeHUr{ecKrrMH,
reox14Mr4r{ecKr4Mrr, eo Su3I4r{ecKI,IMH, reouop SororI,Iqe c - KI4M14, JIHTororo -
nerp orp a$uuecx vrMvr u Apy rvnr,ru o c o 6 eHHo crqMl4 B otro -BMeruaro uzx nop oA.
Tar<ofr [oAXoA rro3BoJr.rrer yBepeHHo BbrAerr-srb I4AporeoxI,IMI,IqecKI,Ie aHo-
Marrvrr4, flpeAcraBr.flroune sau6omruufi rrHTepec ArIfl rIoHcKoB cKpblToro H
rry 6 oxo3 areraro ulero opyAeHe luvrfl,.
Izlurepnp eraLryrfl pe3yrrbraroB fr4AporeoxuMllqecKplx uccJreAosarufr
BKITOqACT:
I . OnpeaeJreHr,re reoxr4Mr4qecKrrx napaMerpoB IIoA3eMHrIX BoA.
2. BtrleJreHlre rr4Aporeoxr,rMur{ecKax aHoMaJlrrit u eHxcHeHI4e I4x npl4-
poAbI.
3. Bu4eleHue yqacrKoB vr nlorqa4efi, ilepcneKTL{BHbIX Ha cKpblToe
opyAeHeHHe.
llx etrrcHeHr4fl ycnonufi $oprr,rrapoBaHl4f xl4MurlecKoro cocraBa rIoA-
3eMHbrx BoA a BbrAeJreHzrfl rvrlpofeoxr4Ml{qecKux auotrarufr Bblr{I4cJr.f,rl4cb
SoHoetre r4 aHoMarrbHbre KoHueHTpaUr4r4 xuMr,IqecKl4x 3JIeMeHToB t'I I4x co-
eAI{HeHr4fr, a taxxe 3HarreHr4fl. Bervrrl4H MuHeparl43auvrut, pH, Eh, u reMlrepa-
rypbr BoA. C nouorrlblo 3BM rpor43Bo trvracb erarvrcrrrllecKafl o6pa6orxa
pe3yJrbTaToB aHaIpI3OB.
B up o qecce rrp oB e EeHLrfl. rHAp oreoxprMr4r{e cKI4x I4cc JIeAo saHuia B ycro-
Br4flx f,oH6acca 14 loro-Bocror{Hofi qacrn AAB 6rtn ertpa6ora:u prr rIpI4eMoB
o6pa6orKr4 noryqeuuofi nuQopnarJr4u. Tax, Bbrr{I4creHue ilapaMerpoB pac-
rrpeAereHuq Mr4Kpo3reMeHToB, Berrr4rru.rH Ml4Hepaxv3a\r4\t 14 pH BoA rlpol43-
17s
BoAr4Jrocb Axq Kax(Aoro BoAoHocHoro KoMfIJIeKca. OnpeAeJreHI4e BerI4qLIHbI
oKr4clHTerbHo-BoccTaHoBrrTelbHofo TIOT?HIJkIAIA - Anfl Ka)KAO|O feoxI4MI4-
qecKoro rvrra BoA. Co4epNa:nzre cynrsar-ploHa - [rfl 3oHbI ceo6oAHoro Bo-
AooSuesa, a reMrleparypbl - Arfi HHrepBalon rry6us: 0 nt, 500 u, 1000 n,
1500 M h r .A.
Zroronr rr4AporeoxuMnr{ecKr{x nor4cKoB flBrqtorc-f, rpa$uuecKue rlo-
crpoeHuq, orpa)Karoulr4e reoxuMr4r{ecKr4e oco6eusocrl4 tIoA3eMHbIX BoA Lr r4x
crreqnaJr L{3 aUurc . OHIa o6r,tquo B KlrorraFoT cJIeAyroIUI4e Kaprbl :
1. OarruqecKoro Marepr4arra, Ha r<oropofi ycJroBHbIMI4 3HaKaMI4 yKa-
3brBalorcr: Tr{rrbr BoAorryHKToB (creaxnHbl, poAHI4KI4, KoJIoAubI v r.n.), Bo3-
pacr BoAoBMerrraloqr4x nopoA, Aelvrsr LIcrotrHHKoB r{ cKBax{HH, rrty6vua
or6opa npo6, reMreparypa BoAbI vr.r,.
2. XvtuuL{ecKofo cocraBa iloA3eMHbrx BoA, orpax(arcuyrc pacrpocrpa-
HeHr4e pa3rur{Hbrx reox}rMrrrrecKr4x rr4IIoB BoA. Ha 3Ty Kapry HaHoc-f,Tcq
vr3orrrHvrh BeJlLrqr{H Mr4HepaJrn3aulorur 14 pH no4, rI4ApoAI4HaMI4qecKI4e aHoMa-
Irvr4, a raKx(e yKa3brBaercfl ragonrrfi cocraB BoA. O6rr.{Ho raKl4e Kaprbl co-
craBJlflrorc-fl orAerrbHo An.s Bepxsefi H Hr.Ix{Hefi ru4po Ar4Hal.r'u.uecKllx 3oH 14
c o rrp o B o)KAaroTcfl f I4trp of e oxuMl4r{ e c KI4 MI4 p a3p e3 aMI4 .
3. PacnpeAeJreHr4fl B rroA3eMHbrx BoAax xI,IMI4r{ecKI4x 3reMeHToB 14 co-
err4HeHl.rfi (noeneMeHTHbre Kaprbr), Ha Koropblx HaHocflTer r4x I43oKoHueH-
rpaTbr
4 . I ugporeoxr4Mr4qecKr4x aHoMarr[ it, ua xoropofr uso6paxarorcq rI{A-
p ore oxr4MurrecKr,re aHoMaluu ( nxruorrafl B oAHbIe op e orbl p ac c exnrax).
5. llporHo3Hyro rr4Aporeoxr4Mnr{ecKyro Kapry, Ha Koropofr aeo6paNa-
rorc-f, uauSoree KoHTpacrHbre v 3lua.uvMbre rro KoMnreKcy feororl,IqecKl4x
npr43HaKoB ft{ApofeoxvMur{ecKHe aHoMaJII4I4 vI BbIAeLflIOTC.q ilpofHo3Hbre
fr4ApofeoxuMHqecKr4e 3oHbr r,r y3Jlbr c yKa3aHI{eM LIX MeTaIIIOreUUqeCroft
crreur4aJrvaar\Lrr4. Ha nefi rroKa3brBarorc-t{ z [porHo3Hble yqacrKl4 I, II v III
or{epeAr4, rrepcileKTr4BHbre Ha rroficxu uy6oKo3anerarotul4x MecropoNAesIafr.
flotrunro rr4AporeoxlrMr4rrecKr,rx, Ha rrporHo3Hy]o Kapry HaHoc;lTcfl, v Apyrl{e
reororrrr{ecKue aHoMaJrr4r4 (ruroreoxr4Mplr{ecKple, reoSrasraqecKl4e, reorep-
MhL{ecKHe rzr .n . ) .
B saxrrcrreHlre creAyer orMerr,rrb, r{To ocHoeofr npoBeAeHvrfl rvrl.po-
reoxr{Mr4rrecKr4x rrccrreAosauuit B perr4oHe -flBr-flerc-f, KoMlrlexcsofr IIoAXoA K
14 HTep |Ip eT auwu IIoJIyrl eHHbIX p e3yJlbTaToB.
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5.2. I uaporeoxuMuqecKue oco6eHHocrrr pyAHbIx noleii u tlorrcKoBbl e
KpHTepIr u rnydoKo3aJlerarcuux MecropoxAesuii
MerarroreHlr{ Bocror{Hofi .{acru luenpoecxo-NoHelrKoro aBraKoreHa
olpeAenfl,ercfl HaJrr,rrrr4eM B rropoAax frflTpr ocHoBHbIX TpInoB opyAeHeHr4fl'.
pryrHoro, rroJrr4MeraunqecKoro, SruoopvroBoro, 3orororo v MeAHoro.
HazSonbrrree 3Har{eHr4e r{Meer pryrHoe opyAeHe Hkre ) cKoHIIeHTp}rpoBaHHoe
rJraBHbrM o6pasovr B rrpeAeJrax pyAHbrx norefi fnaeuofr, ApyxKoBcKo-
KoucraHTr4HoBcKofi aHrraKrnHarefi vt CmBtHcKoro KyrIoJIa. B nopoAax rlo-
creAHero, a raK)(e Ha Eer-fleecKoM Kyilore o6Hapyx{eHo n nornMeraul4r{e-
cKoe opyAeHeHr4e. Ha rore foH6acca, e IOxHoAoHeuKofi soHe pa3rloMoB,,
HaxoAtrrcr floxpono-KupeeBcKoe Mecropo)KleHre Snroopura, a sa Harom-
HoM Kp-f,xe r43BecrHbr pyAonpoflBneHr4r 3orrora. He6orblrlue yqacrKl4 pryr-
uofr, ilorr4Merarrr4rrecrofi u $ruoopurosofi Mr4Hepanr43arryv craHoBreHbl
Ha MHorr4x KyilorrbHbrx crpyKrypax perr{oHa - Kopymcrcofi, l{erponcxofr,
HosoANar4TpoBcKofi, EaurbrrueBcrofi, Eepercr<ofi, CrerlKoBcKofi, IosoBeHL-
xoecxofr, Meue6r4JroBcKo6 1tt IJp.Meluas Mr4HepaJru3ar\r4fl BbIqBJIeHa B Me-
trr4crbrx [ecr{aHr4Kax KapraMb]rucxofr cBr4Tbr urzxuefi ilepMu Eaxuyrcxofi
KorroBt{urr loH6acca, Ha roro-Bocror{Honr 6opry xoropofr rr3BecreH pflA py-
AorpoqBleuufi (BepecrxHcKoe, MeAHaq PyAa, BrrcxpraBKa 14 Ap.).
Als yc[errrHbrx rr4Ap oreoxuMr4rre cKr.rx noncKoB cKpblToro opyAeHeHl4.fl
HeoSxoAr4Mo 3Harb He rorbKo KoHueHTpaur4r4 Mr{Kpo3reMeHToB  IroA3eM-
Hbrx BoAax pyAoHocHbrx cTpyKTyP, Ho 14 fr4Apofeoxl4MlrqecKlle oco6eusocTl4
r.r3BecrHbrx pyAHbrx rroreft pazwtqHbrx rr4rroB. AHa:rHs 3TI'IX ocodeuuocrefi
fro3BoJu.rr Bbr-[Br{Tb cneura$raqecKr,re p.xfl perr4oHa rl4rporeoxuMrlqecKI4e
Kpr4Tepr4r4 npofHo3lrpoBaEvrfl 14 rror4cKoB cKpbrTofo opyAeHeHllf B pefl4oHe.
5.2.1. PyAHrre rorn l leHrparrF,Horo { u6acca
Opeorsubre BoAbr pryrHbrx pytrHbrx norefi fraeHofi I{ Apyx(KoBcKo-
KoHcrasruuoe cxofr aHTr4KJrr4uarefi orruqarorcfl cnequ$ulle c KI4M xI,IMt{q e-
cKHM rr ra3oBbrM cocraBoM. A e goHe I]eurpanruo-loHeuKoro rry6zHHoro
pa3jroMa, KoHTponupyrcxlefo pryrHoe opyAeHeHrte, fl4Apofeoxr{Ml4qecKafl
3oHaJrbHocrb, xapaKTepHar Arq 3Toro pafioua, pe3Ko Hapyuaercfl vr Ha He-
Sorturofi rry6uue (50- 100 u), Ha Sone MaJroMrrHeparI43oBaHHbIX nefi-
Tpa:rbHbrx krrrvr cna6ouleJrorrHbrx r4ApoKap6osaruo-cynrSarHo-Karbul4eBEIX
BoA rorBr.srorc-fl rleror{Hbre (pH 7,8-9,2) ruApoKap6ouarHo-Harpl4eBble,
rtrApoKap6ouaruo-xJrop[IHo-HarprreBbre r4rr4 xropruHo-Harpl4eBbre, a raK-
xe cynr@arHo-xnopl4trHo-Harpl4eBble BoAbI c MI4HepaiIuzauuefr Ao
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4-16 r/n. Ouu o6naAaror BbrcoKpruvr HarropaMr4, orMerreHHbIMI4 Io MHorI4M
cKBa)KrrHaM, caMor{3Jrr{B rro KoropbrM Ha6moAarcr. B TeqeHI4e AecflTI{letvit,
a TaK)Ke rro poAHr.{KaM, paclorafarorur4Mcfl Ha BoIopa3AeJIbHbIX [pocTpaH-
crBax, e o6racrflx BbrcoKr.rx a6corrcrHbrx orMeroK. 3ru BoAbI, o6oraulesst
Mr4Kpo3rreMeHTaMn, uau6oree xapaKTepHbrMvr r43 Koropblx flBr-srorc-fl pryrb:,
6op, Mbrrrb.flK, $top. Maxcul'raJrbHbre coAepx{aHlu (n mr/n): pryrl4 - 0,01-
0,05, 6opa - 2,6-4,8,, Qropa - 2,0-9,0, Mbllrrb,ar<a - 0,02-0,05 - HaMHoro npe-
Br,rlraror zx QouoBbre 3HarreHr4.fl .
Pryrr B BoAax pryrHoHocHblx crpyKryp fnaenofi kr [pyNxoBcKo-
Koncrasrr4HoBcKofi auruKJurHarefi saxoA vrrcfl. B noro)KprreJrbHofi xoppe:u-
qnouuoii cB-s3l.r srrcoKofi AocroBepHocru{ (ra6n.5.3 vr 5.4) c 6opona (r<oa$-
SuqueHrsr Koppenrur4l4 0,68-0,84), Sroponr (rooQQuuueHrbl Koperflual4
0,37-0,55) , MbrrrrbnKou (xo:S$raqueurbl KoppeIrn:qlazr 0,41-0,43). 3rz 3re-
MeHTbr BXOAqT B nOr{CKOBy}O fr4IpOfeOXHMUrreCKyrO aCCOTII4aIIUIO LT}]trVTKA-
ropoB pryrHoro opyAeHeHprfl - pryrb, 6op, MbIIrrbtK, $top [285]. l loroNu-
TeJrE,Hbre KoppeJrflur{oHHbre cBq3r4 r4x c KarrlreM, HarpI4eM, rl{ApoKap6ouar-
r{oHoM, xrop-LroHoM, BexI4qIrHaMr4 MHH epaxvlsarryv v pH no4:eMHbIX BoA 14
orpr{rrarerrbHbre vnv HerocroBepHbre cBfl3r4 c cymSar-r4oHoM, KaJIbIIVeM v
MafHr4eM yKa3brBaroT Ha To, rrro 3reMeHTbr-r{HAr4Karopbr cKpblTofo pryTHofo
opyAeHeHr4fl xopotrro Mnrpr4pyror B rrleJror{Hbrx, ratrpoKap6oHaruo-
xroprrAHo-Harp14eBbrx, rr4ApoKap6onarno-Harp14eBbIX vIrr4 xJIopHAHo-
HaTpueBbIX BOAaX.
Atrs pryroHocHbrx sou lfeHrpanbHoro [on6 acca xapaKrepHo npl4cyr-
crBr{e B aHoMaJrbHo rroBbrrrreHHbrx KoHueHTparJwflx KaK cBo6oAuux, TaK vr
pacrBopeHHbrx B BoAe fa3oB uy6raHHoro npor4cxo)KAeHr4fl. Brtcoxue co-
Aep)KaHr4r, CO2 (eo 200-480 rur/r)' e 4ec.arKr4 pa3 rpeBbllrralourl4e Souonrte,
orMer{eHbr KaK rro KonoAuaM u poAHrrKaM, TaK 14 no uySoKI4M cKBax(LIHaM
Ha foproncxofi 14 NpyNxoecKo-KoHcraHTrrHoscxofi KoucraHTI,IHoBcKoro
pyAHoro rrorfl cpeAr.r a3oB npeo6raAarr Meran (80-94 o5. %). upucyrcrBo-
Barrv raKr{e (e o6. oA): asor- Ao 52, yrJreKr4c:nrfi ra3 - 15, eoAopo.q - to 0,22
u retuit - Ao 0,066. Co4epxatzre rerr4.f, - rrHAuKaropa uySuuuocrl,I reorlo-
fr4r{ecKux rpoueccoB - npeBbrrrraro B 100 pa: KoHueHTpaur4}o ero B arMo-
c$epe. B cocraBe pa3oBbrx crpyfr AJrr4rerrbuo 
.SouraHrrpyrcufix cKBa)KI4H
ycraHoBJreHo rpr4cyrcrBr{e pryrrr - n'10-" r/u' ll27l. 3ro yKa3blBaer Ha
odnlHocrb rryrefr wvtrparylav, a Bo3Mox(Ho, rr Ha feHerp{rrecKyro cBfl3b ee c
OTICIbHbIMII f A3 OBbIMI4 KOMIIOHCHTAMI4.
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Ta6rnua 5.3
KopperxqlroHHble cBfl3l4 Xt{MI,IqecKI{X 3JIeMeHToB B opeoJIbHbIX
Bolax HuxnroecKoro pytrHoro ilorq
Ta6wrua 5.4
KopperrqnoHHbre cB-fl3Ir xr,rMr4r{ecKr4x 3JreMeHToB opeorbHblx BoAax









Br -0 0? -0,28 -0,3 B 0s3 0,19 0,45 o77 0,06
B 0,35 0,47 -0,86 0,3 0,84 0,45 0,37
F' 0,35 -0,1 1 0,19 0 55 003 0,47
Cu 0,47 -0,6 0,39 -0,3 8 -0,30
Zn 0,47 0,36 0,43 0,16





Br B F Cu Zn As Hg
K 0,1 1 0,68 0,37 0,08 0,02 0,56 0,4r
Na 0,05 0,89 0,61 0,03 0,06 0,44 0,53
Ca 0,3 5 -0,56 -0,39 -0,14 -0,1 0,28 -0,06
Me o3
"  ) " -05"  ) - -0 3s -0.14 -0,006 0, 16 0,03
CI 0,17 0,7 0,44 0''09 0,08 0,13 0l" , -
So+ 0,34 -0,4 -o )q -0,12 -0 0s 0,26 0,r2
HCO3 -0,16 0,94 0,68 0,05 0,13 0,18 0,49
M
(uraueparv3au:afl)
0,23 0,19 0,07 -0,15 -0,0r2 0,62 0,26
pH 0,25 0,69 0,47 0,007 0,1 1 -o)"  ) - 0,6
Br -0,09 -o) 0,06 0,41 0,3 0,1 I
B 0.64 0,17 0,13 0,12 0,68
F' 0,02 0,r4 0,18 0,3J




BoArr pryrHbrx pyAHbrx nolefi I{enrpanbHoro lon6acca ilo xI4MpIr{e-
cKoMy cocTaBy cxoAHbr c BoAaMr4 coBpeMeHHbIX fl4trpoTepM, oTIafaIouII{MI4
cyrs$ra4br pryrr4 [191 , I97, 202], a raKx(e c pacrBopaMl4 ra3oBo-)KI4AKI{x
eKrlo.reuNfi B Kpr4crarrJrax rr4AporepMarbHblx MI4HeparoB I{3 pyAHbIX Me-
cropoxq esuir [on6acc a 177 , 1 1 5, 1 16, 217].
5.2.2. CraeqHcKoe pyAHoe rore
CrassHcKoe pryrHo-rrorr4MeraJrJrr4qecKoe pyAHoe llore pacflorox(eHo
Ha oAHor{MeuHofr xynortuofi crpyKrype v KoHrpoJrvrpyercfl. Kopyrtcr<o-
[pouoncKr4M pa3iroMoM. llolgeMHbre BoAbI yrlacrKoB pyAHofi ttrlueparlr3a-
rJvrkr B ocHoBHoM cynr$arHo-rr4Apor<ap6ouarHble, cyruSarHo-xnopl4AHble
r4irrr xJropr4AHo-Harpr4eBbre c Mr4Heparrv3arruefi 2-5 rlt I4 Bervquuoil pH 6,8-
J ,4. PeNe Bcrper{arorc-s cla6orucrrbre (pH 6,6-6'8) cynrSarurte n cna6oure-
JrorrHbre (pH 7,3-7,5), rpecHbre (0,4-1,5 r/n) rl4ApoKap6ouaruo-Harpl4eBble
BoAbr. B rrareo3oficr<nx pyAoHocHbrx orJro)KeHaflx oHH xapaKTepl43yrorct
BbrcoKr{Mr4 Hanopavrzr. B orzx Bogax coAepx{arcx (e ur/n): pryrb (eo 0,01-
0,03), Stop (2,4-5,6), 5op (1,6-9,0), qI4HK (0,1-1,2) cvvrueq (0,25), uurur.tx(0,004-0,006) u 6apui'r (0,3 -0, 5 ).
B opeonbHbrx BoAax CrasqHcKoro pylHoro rIoJI-fl ycraHoBreHo Halrvr-
r{r,re 3Har{r4Mbrx KopperflrluoHHbrx ce.f,gefi ocHoBHbIX pyAoo6pa:yroulux xt{-
Mr.rqecKr{x 3reMeHToB c Apyrr4Mr{ Mr4Kpo3JreMeHraxrv (ra6r. 5.5). Tax, pryrb
uMeer rroJro)KrrreJrbHbre cBfl3r4 c 6opou (roeSSrauI{eHT Koppenqul4l4 0,4),
Sropoirn (xoeS$nqlreHr Koppernurara 0,5), ypaHoM (xoaQQraIII4eHr Kopperl-r-
:qvlr 0,4I), wrrueu (xooS$uqraeur Koppenflqw 0,4) H orpl4llarerlbHyro cB-fl3b
c MeAblo (xoo$Suqr{eHr Kopperlq:quu 0,62). I]uuK Kopperl4pyer c 6aprzena
(xoeS$nrlr4eHr Kopperqqrau 0,5). Ce-flgr ur4HKa co cBI4HUoM He aHarlLr3krpo-
Balacb, oAHaKo r4Mnepr4qecKr4 ycraHoBIreHo, qro coAepxaHl4fl cBrrHIIa B cy-
xr{x ocrarKax npo6 BoAbr ilpflMo nponopur4oHarlbHbl KoHueH'rpar\krflM uI4HKa
B ilOA3eMHbrX BOAaX.
Tarr.rn o6pa:onr, e BoAax Cras-flHcKoro pyAHoro rlort BblAen.flrcTc.f,
ABe rnAporeoxvMr4qecKr{e accor\r4ar\uu 3reMeHToB-uIHAI4KaropoB. Oasa
pryrHoro opyAeHeHnq - pryrb, 5op, $top (cxo4uax c tofi, Koropa-f, ycra-
HoBreHa B opeorbHbrx BoAax pryrHbrx pytrHbrx norefr IJeHrpanbHoro AoH-
6acca), a trpyrafl - rrorr{MerarrrnrrecKoro opyAeHeHnfl - IrI{HK, cBI4Heu, Sapnit
1179,2851.
5.2.3. PyaonpoqBreHuq MeAHcrbIx recqaHtrKoB
Opeo:nubre BoAbr pylonpoflBJreHufi uutxHerrepMcKl4x MeAI4crbIX nec-
r{aHr4KoB Earuvrcxofi xouoBuHbr. Haxolflrur4xcfl B ycJroBu.flx cra6oro oKI4c-
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reHr4\ B ocHoBHoM cyJrbQarHbre rr cyrlb$arHo-rllApoKap6oHarHble. Beru-
qr4Ha pH rax cocraBrxe:._ 6,9-7,6, a MuHepailkrcar\r4fl. - 0,4-6,5 r/r. @opMl'Ipo-
BaHvre xuMr4r{ecKoro cocraBa 3Tr4x eo4 o6ycJIoBJreHo oKIlcJreHI4eM cyntSra-
AoB MeArr, cBr4Hua, ur,rHKa, HuKer-f, r.r uorua6AeHa, B pe3yrbrare Koroporo
noA3eMHbre BoAbr oSoraularorcq cynsSar-LroHoM. B souax MeAHoro opyre-
HeHr4-s B froA3eMHbrx BoAax ycTaHoBJreHbr noBbIIrIeHHbIe KOHUeHTpaIInU (e
ur/r): MeAH (0,05-0,25), ruttrubflKa (0,01 -0,026), HI,IKeTlf, (0,01-0,012), vro-
ru6Aeua (lo 0,,05)' quuxa (0,08-0,4) ra neroropbrx Apyrl4x 3rleMeHroe. fa-
goerrfr cocraB HX orrrr4qaerc-fl He3Har{I4TeJrbHbIMI4 coAepx(auvrrlrlvr yrJIeKI4-
crroro ra3a (20-30 ur/n), a3ora (5-10 rur/r) I4 cepoBoAopoAa (.qo 10-12 ur/.n).
Bce eru ra3br r4Meror, cKopee Bcero, aruoc$epHoe n 6uoreHHoe flpor{cxox-
AeHr,re. Asalu: Kopper-flrlr4oHHbrx ceflgefi Mex{Ay xl4Mr'IqecKI4MI{ 3reMeHTaMI4
B rroA3eMHbrx BoAax 3oHbI oKr4cJleHl,d.f Me1].vcTbIX [ecr{aHplKoB IIO3BOII4II yC-
TaHoBr,rrb, r{To ocHoBHofi py4oo6pasyrourufi :leueHT - MeAb, HaxoAI4Tcs B
recnofi [oxoxurelsHofi cBfl3tr errcorcofi AocroBepHocrl4 o MbIIrrbflKoM (xo-
:SQuUureHr KoppelrflrJkrlr 0'S) rz HI4KereM (xooSSzIII4eHr Kopperflryuu 0,6), c
KoropbrMr{ o6pasyer [or4cKoByro rr4Aporeoxr.{Mr.rqecKy}o accoullauurc 3JIe-
MeHTOB-VrHI.krKUrOpOB MeAHO|O OpyAeHeHVfl - MeAb, HI4Kerb, MsIIXbtK (ra5n.
s6)
Ta6rraua 5.5
KoppenxurroHHbre cB.rr3t{ xHMprr{ecKHX 3JreMeHToB opeoxbHblx BoAax
pyA o np o xs teHrair M eAr4 crbrx rte cq aHI,IKo B E axtryrcx o fi x orr o B I{HbI
I-eoxai\ra.{ec-
KUe XapaKTe-








Br -0.02 0,13 0,0J 0,78 0,32 0,47 0.08 05v  r - 0,06
B -0,18 0,09 -0,3 - 0  05 o?
"  t " 0,05 o)"  ) - -0,02
F 0,08 0,03 - 0  0? 0,7 0,1 0,13 -0.08
Cu -0  05 0,8 0,2 0,6 -0.17 0,24
Zn 0,3 0,8 0,06 05? 0,1
As 0.33 0 l' ) ' 0,32 -0.23























































































































r ) t< f Y =U
ar
N


















































































5.2.4. rlorcpono-KupeeBcKoe MecropolxAeHHe Qnroopura
Py4uue rera llorcpono-KnpeencKoro MecropoxAeHl4fl, 3aJlerarotuue B
r43BecrH{Kax rypHeficKoro rrpyca, rtpuypoqeHbl K nepnoff or AHeBsoil uo-
BepxHocrz $nroopl4ToHocnofi soHe.
O6pa:oeaHlr'e Qnroopuroeofi MrrHeparvr3arryu cBfl3aHo c rpoqeccaMl4
rlrAporepManbHoro MeracoMaro3a o6ycnoBJreHHoro BHeApeHHeM HacbIUreH-
Hbrx cfropona rrrAporepM B roruy xap6oHarHblx nareo3oficxux ouoNesufi.
Hoe efi urafl reKToHr4qecKa-fl aKTr4Brr3 aryfl. KoHTp orl4pyro uero opyAeHe-
nue IONuo-loHeuKoro rry6utuuoro pa3xoMa, BbI3bIBaer lepepacnpeAere-
Hr4e reoArlHaMr4r{ecKl4x Harpy3or. 3ro [prrBoAI4T K cHflTI4]o reocrarllr{ecKoro
AaBJreHr4.fl BAonb 3oH Apo6teuus. 14 TeKToHuqecxofi Tpeull4HoBarocrl4 rlopoA.
B pe3yrbrare rroA3eMHbre BoAbr uy6oxoro Sopruup oBaHrrfl, nprao6peraror
BbrcoKr{e fr{ApaBrrr4r{ecKrre Harropbr r{ BHoBb pa3fpy}Katorcfl IIo fI4ApotrvrHa-
Mur{ecKr4 orKpbrrbrM crpyKTypaM, olpazyt rrrAporeoxnMl4r{ecKl4e aHoMaJII4I4.
Taxue aHoMaJrr4r4 orpax{arcT HapyueHr4e Beprr4Karsuofi rl4Aporeoxl4Muqe-
cr<ofi 3oHarbHocTI,I B ilpeAerax ApeBHefi ru4poTepMaJlbnofr cucTeMbl.
B goue cor{reHeurar [oH6acca c llpuasoBcKrlM KpI4crarJII4qecKHM Mac-
cI,IBoM HopMaflbHa.fl BepTlIKaIbHaq rI4ApOreOXI4MI,IqeCKafl 3OHa.,TbHOCT[, Xa-
paKTepa3yeTc.r{ pac[pocTpaHeHr4eM cBepxy BHI{3 rIoA3eMHbIX BOA CIeIyrc-
ruero xr4Mrar{ecKoro cocraBa (no C.A. IJ-{yxapeny): rnApoKap6ouarHrte
(rartqneBbre, MarHueBbre v KaJrbrlueBo-MarHpleBo-Harpnenrte), rl4ApoKap-
6onarHo-cyruQarHbre ra cyns$arHbre pa3rl4rrHoro Karl4oHHofo cocraBa, HI4-
)Ke Koropbrx Sopunpyrorcfl cynrQarHo-xJropr4AHbre, xropl,IAHo-ru{ApoKap-
6onarnsre H, HaKoHerI, xnopr{AHo-HarpneBbre BoAbI. feoAltsaMurrecKl4e Ha-
npflx{eHuq, Bo3HrrKaroque B pe3ynbrare reKToHuqecxofi aKTI,IBLI3 arJrr4 ION-
no-lonerlKoro pa3JroMa u c$opnrupoBaBlrefics, B 3oHe ero BrI4fllnr4fl rl4Apo-
TepMaJrbnofr cucreMbr, ilpr4BoAqr K pa3rpy3Ke B IIpI4rIoBepxHocrHbIe ropt{-
3oHTbr rry6uuutrx soA, npeoS:raAaloilIr4Mr4 r4oHaMI4 Koropblx flBrlflrorc.fl
xrop v Harpkrfi. O.rarz rrx pa3fpy3Kr{, KaK rrpaBl4Jro, coBnaAaror c yr{acrKaMl4
erlqereHHofi paHee rr4Aporepualruofi Qnroopraroeofi MHHepanvrcarJkrvr
l2e3l.
3ro cosraAeHr4e oco6euuo r{erKo Bbrpax(eHo Ha lloxpono-KrapeencKoM
M ecrop o >KI\eHur4 - KpynHefi rueu Ap eBHeM MHoro cr al.uftrtow o qare p a3rpy3 -
Kr4 rr4AporepMaJrbHbrx pacrBopoe. 3Aecb, Ha $oHe 6esuanopHblx nlu ctaSo-
HarropHbrx, MaroMr4Heparr43oBaHHbrx (M 7 ,5-2,5 rlrr), nefirparbHblx krnvr
c.na6orueJror{Hbrx (pH 6,9-7,4) nog rr4ApoKap6oHarso-cynr$arHoro cocraBa,
pacilpocrpaHeHHbrx B nepruefr qacrr4 fr4Aporeororr{qecKoro pa3pe3a HI4x-
HeKaMeHHOyfOJrbHOfO BOAOHOCHOfO KOMfrIIeKCa, BbIAeJISIOTC-tI OpeOJIbHbIe
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BoAbr Mecropox{AeHl4q. OHra orrr4r{arcTc-f, BbIcoKpIMr'I Ha[opaMI4, rIoBbIIrIeH-
Hofi vprHeparrvrcauuefi (ao 5,1-10'1 r/n), ilIeror{Hocrbro (pH 7,6 - 8,0), xJIo-
pr4AHo-cyrm$arubrM r{ru xnopuAHo-Harpr4eBblM cocraBonr. OpeorbHble Bo-
Arr floxpono-KnpeeBcKoro Mecropo)KAeH vfl xapaKTepl{3yrorcfl .{erxofi reo-
xuMr4r{ecr<oft souaJrbHocrbro, Koropafl Bbrpaxaercr B ilepexoAe or cyrt$ar-
Hbrx no4 (Ha nepz$epr4u pyl.Horo noJrx) x cyrmQaruo-xJlopr'IAHblM, xroPul-
Ho-cynb$aruuna v) HaKoHeII, xropI4AHo-HarpI4eBbIM BoAaM, pa3rpyxarc-
rur4Mcq B ueHrpe opeoJra xropr4AHo-cynr$arHblx BoA. Asouarl'Ifl oKoHrypu-
Baerc{ vr3orrkrHkrqMr4 [oBbr[reHHbrx 3HaqeHuit wuueparu3auvv v pH u ilpo-
cTpaHcTBeHHO COBlaAaeT C y3JrOM ilepeceqe}lldfl. 3oH pefI4oHaIbHbIX pa3no-
MoB, orpax(eHueM Koropbrx rBrqrorcr lloxpono-KupeeecKlafi cSpoc u Ilfvr-
porHtrfr pa3rroM. HapyureHue ruAporeoxuMur{ecKofi goHarbHocrll, cBr3aH-
Hoe c pa3rpy3K oit rty6ttHHbrx BoA, o6uapyNeHo r.r Ha Apyrl4x yqacrKax 3oHbI
IONuo-loHeuKoro pa3noMa, qro rro3Bor-fler ?rcrroJrb3oBarb 3To flBreHl4e rIpI4
roKaJrbHoM rrporHo3r4poBalnvrv rr{AporepMaJrbHofi rtuueparvrcarJul4 TIJIaBI{Ko-
Boro rurrara B KaqecrBe oAHoro pr3 BeAyrrlux rroHcKoBbIX IIpI43HaKou 12931.
B opeonbHbrx BoAax MecropoxleHr4fl ycraHoBrleHbl BbIcoKI4e KoHueH-
Tpaurrr4 ceo6o4Hrrx 14 pacrBopeHHbrx ra3oB (Aeyoxucs yrJlepoAa, MeraH,
asor), a rarcKe MrrKpo3rleMeHroB ($top, pryrb, 6op, 6ponr, MbIIrIbflK tI Ap.).
Be4yrIuM B KoMrrreKce Mr4Kpo3reMeHroB fl rflercfl $top [103,293]. Mar-
crrMarbHoe coAepx{aHue @ropa - 7 ,5 ur/rt BcrperreHo B rpeAeJIax pyAHoro
rroirfl B noA3eMHbrx BoAax AeBoHcKr.rx orrroxesufi. B ro )Ke BpeMfl, B BoAo-
HocHbrx ropr43oHrax xap6oHarsofi roJrrqu HuxrHero rap6oua, B Koropofi co-
cpeAoroqeHo ocHoBHoe opyAeHeHr4e Sruoopzra, KoHrreHrparryv 3rleMeHra
He ilpeBsrruaror 4-5 utht, rrro, IIo-BrrAI4MoMy, o6t,-scu-gercfl "c6pocol,t" Ha
rcap6ouarHoM 6aprepe, KaKprM -flBrrlorcfl er.rgefrcxue lr3BecrHflKvr, pacrBo-
peHHoro B BoAe Qropa r,r B HacroflIrlee BpeMfl.
B BoAax Mecropo)KAeHr4fl Qrop He r4Meer cr,rrbHblx Iloro)KurerbHblx
KoppeJrflrlr.roHHbrx cesgefr Hr4 c oAHrlM xr4Mr,rqecKr4M 3JreMeHTonn (ra6n 5.1)
vr) [paKTzr{ecKr4, flBILfleTcfl eAr,rHcTBeHHbrM fHApofeoxI4MI4qecKLIM vrHI.vIKa'
TopoM SnroopraroBoro opytreHe HVfl .
5.2.5. f u4poreoxrrM uqecKue Kprrrep Hlr rorrcKoB Lr tI porHo3 upo BaH LIr
rny6orco3a.,'rerarcIqux MecropoxAeuufr
flpocrpaHcrBeHHoe pa3MeuleHr4e rrrtrporeoxnMrrqecKllx anowatvit B
rroA3eMHbrx BoAax perr4oHa rtoArrkrlufl.ercfl orrpeAereHuofi 3aKoHoMepHocrl4.
llo.{rz Bce oHZ KoHTpoJrr4pyrorcfl Aorro)r{r4ByuluMr,I rry6rauuElMtl pa3JIoMa-
uvr, o 6p asyfl B o ceM t tt meitHo B brrrHyrbrx rrp orHo3Hbrx rr4Aporeoxl4Mur{ e c-
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Koppen.aqr{oHHbre cB.fl3r4 xr{Mur{ecKr{x 3reMeHToB B opeoJIbHbIX BoAax
lloxp on o -Kup eencKoro $nroopuroBoro Me crop o)KAeHl{fl
Kr4x 3oH. HanpaBreHr4e rrocneAHr4x He Bcerla coB[aAaer c rpocrapaHl4eM
orAerbHbrx pa3noMoB. B HeKoropbrx cryqaflx il44poreoxl4Ml4r{ecKue 3oHbI
flpocrex{rrBaroTcfl BAoIrb .4Byx coilp.fl)KeHHbrx pefI4oHaIbHbIX pa3pblBHblx
crpyKryp, ilepexoAx c oAHofi Ha Apyryro.
B [peAenax paccMarpr4BaeMoro perr{oHa g'nfl rl4lporeoxlaMl{qecKux
aHoMaJrr4fi xapaxrepHr,r AeB-srb ocHoBHbrx BHAoB reoxl4Ml4qecrcofi cneul4anl4-
3arrtrvr, pac[peAereHr4e Koropbrx r4Meer cBor4 oco6euuocrn I4 onpeAerterc.q
rry6unofi s aroN envrfl Snrou4orroAB oA.fl rrlux pa3noMoB, I4x HanpaBreHple M 14
uerbrM ptrAoM .4pyfr4x rrpr{3HaKoB, rr4{rour{x Ha xapaKTep ApeBHI4x ft{Apo-
repMarrbHbrx npoqeccoe (ra6n. 5.8).
AHa:rras rr{AporeoxrrMr4qecKr4x v lpyrr4x oco6esnocrefr u3BecrHbIX
pyAHbrx norefi, a raK)Ke rrpoueccon Sopnu4poBaHr4fl rl4rpofeoxl4Ml4r{ecKl4x
aHoMarr{fi uogsorurr4 BbrAerr4Tb ocHoBHbre Kpr4Tepvvr [oI4cKoB 14 lrporHo3l4-
poBaHr4fl pa3rr4r{Hbrx BHAoB cKpbrroro opyAeHeH[q, xuna6epJrLIToBbIX Ter u
cKotrreHrafi yuenoAopoAoe. K HIaNa orHocflTcfl:
1. Hanuque B noA3eMHbrx BoAax sou rry6uHHbrx pa3roMoB accoul4a-
\uit ruilporeoxr4MrqecKl4x 3JIeMeHToB-IrHAI4KaropoB pryrHoro - Hg, As, B,
F (Sb); rorr4Meraiurur{ecKoro - Zn, Ps, Ra; SnrcopraroBoro - F; 3ororo-
cepe6pxHoro - Ag ,CLt, Zn, Pn, Ba (W); peAKoMerarE,Horo -Li, Rb, Cs, Sr,
La, Ce, Y, Ge, Ga; nrelHoro - Cu, Ni, As, (Co); ypaHoBoro- U, Pb, Rn, (Th)
opyAeHeHvrfl; rcanr6epnlrroBbrx er - Ni, Co, Gr, V, Zn, Cu, Ga u cronleHlafi
yrreBoAopoAoB - J' B, Br, Hg, CH+, HzS.
2. XropragHo-Harpresrtfi (r<arsquenufi), rHApoKap6ouarso-
xropr4AHo -Harprresrrfi HrrH xJroprrAHo- cym Qarno -Harp I4eerIfi co craB B o,q.
3. BrrcoKafl uleJrorrHocrb rIoA3eMHbIX BoA (pH ro 8-9,5).
feoxuuuqecKas
xapaKTepvcTr4Ka B F Cu Zn As Hg pH
M (nuHepa-
:rz:auraq eoA)
Br -0,49 -0,02 -0,83 0,24 -0,2r 0,36 -0,3 8
B -0 ,58 0,21 -0,49 -0,1 0,07 0,36
F o)9 0,16 0,35 -0,37 0,2 0,08
Cu 0.63 0.52 -0,6 0,04 0,12
Zn 0,09 -0 ,1 0.1 0,19




f eoxunauqecKafl cneur4arl krgaqlafl rIoA3 eMHbIX B oA p eruoHa
},l9
nln
f eoxr.ruuqecKar cn eur4a-
nvll:,arfvfl u ee o6osHar{e-
Hlre (n cxo6xax)
Xap axrepH br e ac co rJr4arr4vr
f H Ap o f e oxr{ M r.rq e c K t1x
3JTeMeHTOB-UHAr{KaropOB
I4cro.{Hux cgeleHafi
I Pryruaq (He) Hg,  As,  B,  F (Sb) B. f .  Cyrpxo,  1981r .
2 llornrrerarrrlqecKa-{
(PblZn)
Zn,Pb,Ba B. l - .  Cyrprco.  l97Br .
a
J Me4uar (Cu) Cu, Ni,  As, (Co) B.f. Cyrpr<o,
1978,1981 r .
4 @rroopnroeaq (F) F B.f .  Cyqpr<o. 1979r.
5 Ypauoea-n(U) U, Pb, Rn, (Th) laHHue aBTopa
6 PeArouerarrbHafl (I TR) Li,  Rb, Cs, Sr, La, Ce, Y,
Ge, Ga
B.f.  Cyrpro, 1988r.






Ag,  Cu.  Zn,Pb,  Ba.  (W) rc.O. llorpe6urx,
B.B. TonoqKo,
1  985r .
9 Yrreno4opoAHar (CH) J, B, Br, Hg, CHa, H2S M.E. A,rr,roecrr.rfi,
1967r.
4. AuonrarbHo rroBbrrrreHHbre coxeplnaHvrfl B rrol3eMHbrx BoAax rBy-
oKr4cr4 yfJrepoAa, BoAopo4d, MeraHa, cepoBoAopoAa, re[Lrfl., apfoHa 14 Apyfr4x
fa3oB, a TaKx(e flapoB pTyTr{.
5. fn4porepMaJrbHbre H3MeHeHr4.r B ropoAax.
6. BrrcoKr4e [be3oMerpr4rrecKr4e ypoBHH Borbr.
7. lunaMr4r{Hocrb aHT}rKJruHaJrbHbrx 14 6roKoBbrx rr4Aporeororr4r{ecK}.rx
cTpyKTyp, Bbrpax(arcua{c fl, B rrx He oTeKToHr4rrecKoM p a3 B rrrLra.
B. BrrcoKafl Harrpflx{eHHocrb eorepMuqecKoro rro[s.
Xapaxrepr4crr{Ka Bcex npr4BeAeHHbrx Kpr4Tepr4eB AocrarorrHo rroJrHo
[I3IrOXeHa B rpeAbrAyrrlHx frraBax 14 pa3Aenax.
5.3. Pe:y,r[,Tarbr rlrAporeoxuMrrqecKoro rrporHo3rrpoBa Hvtr kr rrepcrreK-
TrrBF,r IIoucKoB B pefHoHe MecTopo)KAeHufi nole3H[,rx rrcKorraeMbrx
O cHoe HrtM p e3yrbraroM rrpr4MeHe Hufl, rurnporeoxr4Mr4rre cKo ro M eroAa
froHcKoB qBrflercfl rrpofHo3prpoBaHr4e pylHoft urzueparr43arJtlv I.pyfr.rx ilo-
Jre3Hbrx HcKoIIaeMbrx B rropoAax, ocyulecTBJrreMoe Ha ocHoBe BbrAeJreHHbrx
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HaMr.r Kpr4Tepr{eB. locroeepHocrb rrporHo3krpoBalr.nfl 3aBncvr or creIreHI,I
pr3yqeHHocrr4 TeppuToprM v o6rexruBHocrl4 B notrxoAe K oueHKe rex r4Iru
[Hbrx reorrorr4qecKux qereuufi. fry6uHHocrb 14 npocrora I4HTepnperaul4l4
pe3yJlbTaToB fHApofeoxr{MHr{ecKr{x fror.IcKoB, a TaKx{e BO3MO)KHOCTb OUeHI{I4
Bepo.flTHocrr4 o6uapyxeHnr. cKpbrroro opyAeHeHufl KaK Ha orAeJIbHbIX yqa-
crKax, TaK 14 sa 6olrurux rrxoruaAflx, Ieraer rr{Aporeoxl{Ml,IqecKoe ilporHo-
3r4poBaHr{e ilpuopr.rTeTHbrM Ha ilpeABapr4TeJrbHbrx cTaArrqx n3yr{eHkrfl. Teppu-
ropni l .
B pesynbrare npoBeAeHHbrx e lou6acce kr loro-BocroqHofi qacrr4 AAB
pa3rurrHbrx Br4AoB rr4Aporeoxr.rMr,rqecKr{x ?rccJreAosauufr 6ru HaKorIreH
Sorturofr $amuuecrufi Marepr4aJr r o reoxr{Mrrr4 rIoA3eMHbIX BoA. 3ro no-
3BoJrr4rro BbrAeJrr4Tb yr{acrKl,r, ilepcleKTllBHbre Ha rIorIcKI4 uy6oxo3aJlera}o-
rqflx MecropoNAeHufr. Taxue yqacrKr4, KaK rrpaBr4no, HaxoAr'tefl B 3oHax
pa3:roMoe Lr o6L,rr{Ho pacrroJrararorcs Ha aHTr4KJrurHaJrbHbIX crpyKTypax. llp,
3ToM sanSomutrtrit rroncKoBufi nsrepec ilpeAcraBr.flror crpyKrypbl? I,IMero-
uue ilp eAB epxHenepM ct<ufr op o3ploHHufi cp e3 ll7 91.
B ocHoBy ruAporeoxlrMr,rqecKoro rrporHo3npoBaHl4-fl rloroxeHbl cJ'Ie-
Ayro ul4e 3 aKo HoMepHo crr'I :
- 6omur,rHcrBo ecrecrBeHHbrx rr4AporeoxI4MI4rIecKI,IX aHoMa,tflfi $op-
MlrpyeTcq B 3oHax AoJIfo)I{I4ByuIux pefI4oHaIbHbIX pa3JIoMoB;
- o6pasoBaHr{e KoHTpacrHbrx rprAporeoxr4Mr,rqecKr4x opeoJroB paccefl-
HLrfl HaA rly6oxo3aneraroulr4M opyAeHeHr4eM, 3oHaMI4 Ml4Heparv3arrprr4 14
cKofrJreHr4flMvr yfJreBoAopoAoB rrpor4cxoAr{T He ToJIbKo B npoAyKTI'IBHbIX
TOTUIaX, HO 14 BbrrrreJrexatuux orJro)KeHuflx, He3aBHcI4Mo r I4x cocTaBa;
- sau6oree [epcrreKTprBHbre Arr-fl rroucKoB rr4AporeoxflMl4qecKl4e aHo-
MArrvru ilp o cTp aHcTB eHHo c o B [aAaroT c yr{ acTKaMH He oreKToHl4r{e crofi aKTLI-
BL.FA\VV pa3rOMOB 14 ApeBHprMr4 Or{afaMr4 pa3fpy3Kr4 fr4ApoTepManbHL,IX pac-
rBopoB 1179,278,281,288] .3ro yKa3brBaer  Ha ro,  r { ro  Bo3HI4KIr I i le  B r la-
reo3oe oqarr4 TerrJroMacconepeHoca flBrrflrorcq AorroxlrByurznrn,, $ynKul4o-
Hvrp)/fl v Ha ilocrrl4AporepMaJlbHoM 3rane r4x pa3Br4rnx lI32].
VcraHoe JreHHbre 3 aKo HoMepHo crr4 rro3B oJrr4nu cQ opMyrl{p o B arb ilp I4H -
IIHilbI, Ha KOTOpbIX OCHOBaHA MOTOAI4Ka IIOI4CKOB n ilpOrHO3I4pOBaHVfl CKpI'r-
roro opyAeHeHr4fl B NoH6acce n NIB ll79} llpraueHeHl4e srofi MeroAuKI4
traro Bo3Mo)KHocTb He TorbKo Bbr.rrBr4Tb pylHyro MI4HepaJII43auHIO B ilOpo-
A&X, Ho r.r HaMerr4Tb traJrbHefiur.re rrepcrreKTuBbl rIoI4cKoB cKpblToro opyAe-
HeHr4fl B pefrroHe.
C yueroM reorofr,rqecKr4x oco6eusocrefi BocrorrHofi qacrra fluenpon-
cxo-foHeuKoro aBraKofena 6sua cocraBJreHa rrporHo3Hafl. rur1poreoxl4Ml{-
rrecKa-s Kapra, Ha Koropofr esr4eJreHbr r4AporeoxuMl4r{ecKue aHoMarI,IH, pe-
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KOMeHAyeMbre Arq rrocTaHoBKr4 AeTanH3aIII4OHHbIX fIOIICKOBO-pa3BeAOr{HbrX
pa6or uepeofi, nropofi r,r rperbefr ouepe EV, d raKx{e ruAporeoxl{Mur{ecKue
3oHbr 14 y3rbr onpeAenesuofr eoxuMra.Iecxzfi 14 Ml4HepareHl4qecxofr cilelll4a-
rrr43arJtnr (pnc. 5. I ).
llporuo:uar rr4AporeoxuMurrecKaq 3oHa A-A KoHrpoJlupyercq I]eH-
rpaJrbHo-/{oHeqrr4M pa3rroMoM. B upe4enax loueuKoro nporra6a oHa rlpo-
rrrr4Baercq BAoJrb Haroltuo-Tapaconcnoft, fraeHofi,' ApyxKoBcKo-
Koscraurr4HoB cK oit astwK:rr4Harefr , Hon o -Tp oraqxoro, KopyrbcKoro, B elu-
xo-Kaur,r[reBaxcKoro, Eepexcxoro 14 llerponcKoro KyIIoroB , d B AAB ilpo-
xoAr4r qepe3 BoreeuxoBcKyro, ArerceeBcKylo, ESpenaoBcKyro, MeAeeAoe-
cKyro, KpecruuleHcKyro u PaccrrrH.f,HcKyro crpyKTypbl. llo cpaBHeHI,Iro c
Apyrr4Mr4 pernoHarrbHbrMr{ .ny6uuHbrMrr pa3roMaMl{, IJeHrparmuo-Aoneu-
t<tti,t pa3noM orrr4rraerc-fl rroBbrrrreuuofi TeKToHLI.{ecxofr aKT?IBH3a:-].veit Ha
atr.,nuficKoM 3Tarre cKJraArrarocrr,r, c KoropbrM MHorue I4ccreAoBareru [155,
156, 196, 2541 cBq3brBaror o6pasoBaHr.re prytrofi rr{AporepMaJlbHofi vuse-
parrv3auvr4 B ilopoAax [oHeqxoro nporr46a. B 3oHe A-A orMerraercfl 14 MaK-
cHMaJrbHa_f, coBpeMeHHafl TeKToHr4rrecKa-fl KTI4BHocTb, corpoBoxAarotuatcfl
odpasonaHr{eM reorepMr4qecKr.rx aHoMarr4fi (n pesyJrbrare I4HreHcl'I@uxaqvu
TerrroMaccorepeHoca), pa3rpy3Kofi sa He6oruurrax rry6l4Hax BoA aHoMaJTb-
Horo xr.rMr.rqecKoro cocraBa, cnoSo4nrru BbrAeJIeHI4eM ra3oB rly6aHuoro
rpoucxo)KAeHru - COz, CH+, H2, He, Ar, H2S I4 ilapoB Hg (Ha lpyNxoBcKo-
Koucrasruuoscxofi aHTr{Krr4Hanra). Hara6oree KoHrpacrHble ft4Aporeoxl4-
MuqecKr4e aHoMarur4 Br>rflBreHbr B opeorbHbrx BoAax HtlxvroecKofo vr ilpy-
xoecxo-KoHcraHTr4HoBcKoro pyAHbrx rroJrefi, e no43eMHbIX BoAax Hoeorpo-
HuKoro, KopyrucKoro, KaurrrueBaxcKoro, BepexcKoro ra llerpoBcKoro Ky-
rrorrbHbrx rroAHflTr,rfi. Onv coBilaAaror c yrracrKaMrr pocra aHTI4Krr'IHaJrbHbIX
crpyKTyp, reo$u3lrqecKr4v^tr 14 reorepMr,rqecKr4Mr4 aHoMalrrtfll.r^vr. B npe4e:rax
rocireAHr4x reMrreparypa ua rry6uue 1000 M ilpeBblllraer SoHoerre 3Haqe-
HLtr B 1,5-2 pasa 1126l. Cperu pa3rr4rrHbrx MrrKpo3rreMeHroB, crper{arc-
rur4xc.f, B aHoMalrbHo-noBbrrrreHHbrx KoHueHTpallu.flx, BeAyIIIee MecTo e arofr
fr4Aporeoxr4Mr4qecxofi 3oHe 3aHHMaer accor{r4aWfl 3JreMeHToB-I4HAI4KaropoB
pryrHoro opyAeHeHuq: Hg, As, B' F (Sb). Ha ceeepo-3allaAe ee (or Kopyru-
cKoro 4o llerpoBcKoro KyrroJroB) u .qanee n [lB cyuecrBeHHoe 3HaqeHI{e
nprao6peraer rr4AporeoxuMr4qecKafl ccour4ar1iafl, yKa3brBaroula-f, Ha Bo3MolI(-
Hoe HaJrvrque rrorr4Merarrr.rqecrofi unseparvaau?Iu B rropoAax'. Zn, Pe, Ba.
Ha roro-Bocror{HoM rrporr>Keqvrtt 3oHbr A-A (n npe4e:rax HarorlbHoro Kpfl-
Na) ycraHoBJreHbr KoHTpacrHbre rr4AporeoxuMr{r{ecKl4e aHoMaluu Ag, Zn,
Cu, Ba, flBJr-rrrclur4eefl, r4HilunaropaMr4 3orroro-cepe6prHoro opyAeHeHufl I43-
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Eolturofi noucxoesrfr r4HTepec npeAcraBJlter rlporHo3Hafl rvrilporeo-
xlrMnr{ecKafl 3oHa E-B', Koropafl I4Meer B ocHoBHoM pryrHo-
rroJrr4Merarrr4qecKyFo clIeur4axH3arlr4ro v ilportfl4BaeTc-fl BAorb AByx pa3-
rr{r{Hbrx pa3JroMoe. B flpeAenax EaxuyrcKofi KorrIoBI4HbI oHa coBlaAaer c
HarrpaBxeHrreM Kopynrcxo-tpouoBcKoro pa3noMa 12541. lanee Ha 3ana[
3Ta 3oHa fipor.flrr4Baercfl BAoxb Mrzxafinoecro-IopbeBcKoro uy6uuHoro
pa3roMa r{epe3 faepu:roBcKyro, Jlosoecryro, CanaofrnoBcKyro, llepeue-
rrr4HcKyro KyiloJrbHbre crpyKTypbr:,, ftre oHa slaxcupyercq no frrIpofeoxl4Mll-
qecKr4M aHoMaJrr4snr. B soHe E-E aKTr4BH3ar\r4fl, pa3roMoB B coBpeueHurtfr
rrepr4oA HarrrJra orpoKeHue B pocre KyrroJrbHbIX crpyKTyp, o6pa:oeankrlt feo-
TepMr.rqecKlrx N reo$z3r4qecKux aHoMaruit s flopoAax rlaxeo3oficr<ux KoM-
nJreKcoB, a raKxe n SopnrupoBaHr4ra (npocrpaHcrBeHHo I4 reHerI'IqecKI,I cBfl-
3AHHbIX C UTAN,TTA) |I4APOfCOXPIMHI{CCKI4X AHOMAIIIIfi, I4METOIIIHX PTYTHYIO,
pTyrHo- frorrprMerarJTr4qecKyrc, [orrrMerannilqecKYrc, ypaHoByro (A4avoe-
crnfr unox) 14, Bo3Mo)KHo, 3ororo-cepe6pxnyro (ApoHoBcKa.tI aHTI4KTII{uanr)
cnerlrlarr43arluro. B orofi 3oHe sau6oree ilepcileKTLIBHbIM14 l\rfl, rIoI4cKoB -f,B-
Jr-flrorcf npaKTurrecKr4 Her4ccreAoBaHHbre yqacTKr{ B BocToqHofi qacu4 Apo-
HoscKofi crpyKrypu (Ag - Au), a raKxe Ha fanpuroBcKou (Pb - Zn ) n Io-
3oBcKoM ( Pb - Zn - Hg) xynorlax.
flporuosHax fr4Aporeoxr,rMrrqecKafl 3oHa B-B' trporflrl4Baerc-f, BAoxb
Myurxeroecrco-llepcr4aHoBcKoro pa3noMa r4 ero lrpeAnoraraeMoro 3arIaAHo-
ro rrpoAoJr)KeHr.rfl s KaruNarayc-Topeuxoft KorJIoBI4He 14 BorqascKoM Bblcry-
re. Ona r4Meer [per4MyulecrBeHHo pryrHyro cneul4arll43auuro, xapaKTepl4-
3yrouyrccs noJlHstnt Ha6opoM 3reMeHroB-I4HAI4KaropoB - Hg, As, B, F. B
roro-Bocroquofi ee qacrr4, rro aHaJrorr4r4 c soHofi A-A, ycraHoBrleHbl Bblco-
Kr4e KoHueHrpauuu Ag vt Ra. Ha nepeceqeHr4r4 MyurxeroecKo-flepcl4aHoB-
cKoro ra Erauqun-PoeeHbKoBcKoro rrySr{HHbrx pa3,ToMon c$oplrl4poBaracb
rtrAporeoxuMr.rqecKafl HoMarr4-rr, B [peAeJrax roropofr, cytrfl rlo accouvawrr4
Mr4Kpo3reMeHroB (Li, Cs, Ga, Sr, F, B) - MolKHo rlporHo3l4poBarb peAKoMe-
rarrbHyro Mr4HepaJrr43arlr4ro B r poAax naJreosoq. Ha [epeceq eHLru 3oHbI B-B
c Kpneopo)KcKo-IlaeroscKr{M rry6uusrru pa3noMoM ycraHoBreHbl aHoMa-
rrvrr4, B BoAax KoTopbrx coAeplKaTc.f, BbrcoKue KoHr{eHTparJvrv [eTpofeHHbIX
?JreMeHToe. llocreAHr4e oSrrquo cryx{ar I4HAI4KaropaMI4 rIpI4 rlol4cKax arMa-
3oHocHbrx reJr, BXoAfl B xapaKTepHyro accoul4allulo: Zn, Ni, Co, Cr, V, GA,
Cu, Ti, Mn [138]. IlocxoJrbKy SolrruuHcrBo r43BecrHbIX reJr rcunr6ep:rllroB
cBs3aHo c r4HTpy3krflM\l ocHoBHbrx ilopoA ulenor{Hofo p-qAa, To BfIorHe Bepo-
qrHo, r{To K rrrr4poKo pacilpocrpaHeHHbrM 3Aecr AafixaM JlaMrrpo$rapon ao-
ryr 6trrb [pr4ypor{eHbr ra "rpy6xr{ B3pbrBa", co4epxaull4e aJIMa3bI (o6nonrrcra
Koropbrx o6HapyxeHbr B rrrruxoBrrx npo6 ax vr3 3oHbI Myuu<eroecxo-llepcl4-
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aHoBcKofo pa3roMa).
3oua f-f nporqrr4Baerc-fl BAoJrb lOxuo-[oHerlKoro KpaeBoro pa3JIoMa,
sau6oree rly6oxo npoHr4Karoruero B MaHruro. OHa xapaKrepl43yercq 6ort-
rrrr4Mr,r ilepcneKTr.rBaMr4 Ha roucxra S:noopr4Ta 12931, qro roATBep)Iqaerefl, v
Halr4qveM 3Aecb r43BecrHoro lloxpoeo-KupeeBcKoro MecropolrAeHvrr rrra-
Br4KoBoro rxnara, B rrpeAerrax Koroporo (cylr rlo reorepMl4qecKoit tt raApo-
reoxrrMu.recxofr aHoMaJrrrau) v B Hacro-flruee BpeM.fl HaSruoAarorcr rpouec-
cbr rerrJroMacconepeHoca. Bepo.arHocrb o6uapyxennr e :rofr 3oHe 3HaqI4-
TerbHbrx npornreunfi pryruofi Lr peAKoMerarusofi MaHepaxtl:,a:]zr He-
6ortura.s. Ho yqacrKr4 Sopiurap oBaHLrfl, rr4AporeoxI4MI4qecKI'IX auovatmrt c
frorHbrMr4 accoqualqxfrl.{vr SrreMeHToB-r4HAI4KaTOpOB, KOTOpbIe XapaKTepl43y-
ror Kr,rMSepluroByro c[eunaJr vna\zil4 nopoA, 3acryx{I4B alor caMof o cepbe3-
Horo BHr4MaHu fl npkr rrocraHoBKe rroncKoBo-pa3BeAorlHblx pa6or. OAHa ptg
TaKr4x aHoM anzfi , pacno Jrox{eHHa fl. 3aila4.Hee llor<p on o-Knp eeB cKoro Mecro -
p o)KreHur Sruo opura, S uxcupyer M ecro [oJro)r{eHr{e I43B ecrHo fi Ilerp oe c xofi
rpy6r<u c xapaKrepHbrM AJr-s xran6epnr.rroB cocraBoM MI4HeparoB. fipyran
HaxoAr4Tc-fl Ha nepeceq eHVLr IONuo-NoHeuKoro v Kpnnopo){tcKo-
llasroncKoro pa3roMoB.
3ona A-A Ha ceBepo-3anaAe AoHeuxoro nporra6a rpoxoAl4r BAorb
flerpoecxo-Kpel,reHcKoro 12541rny6raHuoro pa3noMa, a e [[B, K 3arlaAy or
flerpoecKoro KynoJra, [porflrr4Baercfl Blorb ero ilpeAnoxaraeMoro rlpo-
Aorx{eHr4q r{epe3 BerqeecKyo, MupouoBcKy}o, KeruqeecKy}o crpyKTyptr. K
erofi )Ke 3oHe orHocr4Tcfl vr pacnoJrararorua-rrc-f, HecKoJrbKo ceBepHee Kpacno-
ocKorbcxa.a 6paxr4aHTaKJrr4Harb. Cnequarvaa\krfl. rrporHo3uofr ruAporeoxl4-
Mr4rrecKofr sourr A-0, pryrHo-ypaHoBo-rroJrr,rMerarruqecKafl. Hau6oree [ep-
crreKrrrBHbrMr,r crpyKTypaMH D,rrfl rror{cKoB flBrflrorc-f,: Topcr<o-{po6lr-
rrreBcKafl (Pb - Zn, U), KpacHoocKorbcKar (Hg, U, Pn - Zn) H BerqeBcKa-q
(Pb - Zn). Konrponupyloulr4fi rra4poreoxr4Mr4r{ecKyro 3oHy pa3roM AoBorbHo
aKTr4BeH r4 B coBpeMeHHbrfi nepno4. Ha gro yKa3blBaror KaK Bo3trbIMaHI4e
KpacHoocKoJrbcKoitvt Cesroropcxofi crpyKTyp, TaK 14 yrlacrKlr tloBbllxeusofr
Hailp.qxeHHocTpr f eoTepMr4qecKof o rIoJIt.
llporuosnax rr4Aporeoxr4Mr4qecKa-fl 3oHa E-E rpor.t{rl4Baerc-fl qepe3
BaxlryrcKyro KorrroBr4Hy BAonr AlnrasHoro lr^aaBvfa (uuerorqero no AaH-
HbrM fC3 r:ry6rauurrfi xapaxrep) 14 ero rpelroraraeMoro ceBepo-3araAHoro
rrp otroiDx etvrfl . f u4p o reoxr{Mr4r{ecKrre aHol'r'arvzr BKr}oq aror accogaum
3reN,reHToB-r,rHAr4KaropoB MeAHoro - Cu, Ni, As LI pryrHoro - Hg, As, B, F
opyAeHeHr4fl.. Hara6orbrrrr4e ilepcileKTr4Bbr r'rMeror ror4cKl4 e groft 3oHe MeAH
(n loro-Bocro.{Hofi uacrrn). PyAHax Mr4HepaJrv3ar\krfl npeAcraBJleHa MeII4-
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CTbIMI4 ICCI{AHUKAMII.
llporHo:Ha-fl 3oHa Xt-xt' KoHrporupyercr Cenepo-/{oneuxzM KpaeBbIM
pa3JloMoM. fIa4poreoxl4Ml4rrecKz H3yrreHa JIrrIUb ee rofo-Bocror{Hafl rlacr-b)
fAe BbrflBJreHo ABe KpyilHbrx aHo}{arrvrll, KoTopble, cyafl rro accouuaul4f,M
3JreMeHToB-r.rHrr.rKaropoB, nepcileKTr4BHbr Ha rrorrcrcra ueQrv Lr ra3a, rrorl4Me-
TaJrJroB 14 pryrtt Asoualrr4v rflforeror K MerKr4M rIpoAorIbHbIM aHTr4KIrkr-
HaJrbHbrM cKraAKaM, K KoropbrM s :rofi .uacrkr floneqr<oro flporpIba npvypo-
r{eHbr ue6oinruue ilpoMbrrxJreHHbre Mecropo)(AeHl4q yrneBoAopoAoB. Vg-
BecrHbr 3Aecb 14 HaxoAr<ra cy.nr$r4AHbrx rrrAporepManbHllx MI4HeparoB.
fn4poreoxr{Mr,rqecKafl 3oHa 3-3 ilporqrr4Baercr BAort. cySltepral.vo-
HarbHoro Kpunopox{cKo-llaeroecKoro pa3noMa pr ero flpeArroraraeMoro ce-
BepHoro rrpolon)Kenkrfl. - r{epe3 llerpoecKyro z [Lle6enr{HcKyro crpyKrypbl.
flocxolrKy reKToHr{qecKafl aKTr4Bvr3arJzrfl Kpr,reopoxcxo-llaBrloBcKoro pa3-
JroMa B ocHoBHoM cBr3aHa c ApeBHtruvr naJreo3ofrcrr.rrru 3rroxaMl4, MI4Hepa-
reHr4r{ecKafl. 14 feoxr4Mr4qecKafl cneuuaJrkrga:qlr-s. rr4AporeoxnMur{ecrofr 3oHbI
^  ^ l3-3' o[peAerrflerefl xapaKTepoM rrepeceKarorur4x ee 3gH "Aoseuroro" Ha-
flpaBreHus. C ceBepa Ha ror cileur4anznarJrrfl soHrr 3-3 rr3MeH.sercfl B cre-
AyroilIeM ropsrKe: yrneBoAopoAHaq (LIIe6eruHcKar crpyrcrypa), pryrHo-
noJrr4MerarJrr4rrecr<ax (llerpoBcKafl crpyKrypa), pryrHafl (Meue6rarloBcKafl 14
fanprz:roBcKa.q crpyKrypbr), pryrHo-QnrcopuroBa-n (yser ilepeceqeHnfl c
Mr,rxafiroecxo-IopbeBcKr4M pa3xol,ronr), xun6eprvfioBafl 14 pryrb-Sruooprar-
xrau6eprzrroBafl (nepeceu eHVr coorBercrBeHHo c Myurxeroecxo-llepcl4a-
H o B c Kr.rM ra IO NH o - I o uer1xr4 M p a3 rr o l,r anua ) .
B trecrax lepecer{eHr4s rr4Aporeoxr4Mr4r{ecKr4x 3oHpa3Jrr4rrHblx HaIIpaB-
reHufi o6pasyrorcx [porHo3Hbre rr4ApofeoxuMllqecKue y3rILI. Onra npeA-
craBr-f,Ior saz6ortmuit noilcxoerrfi uHTepec, TaK KaK pacnoJrafarorcfl B
Mecrax MaKcnMarssofi aKTrrBr{3ar\ur4 r y6nuubrx pa3JroMoB Ha pa3HbIX TeK-
TOHZI{eCKHX 3Tarrax feOJrOfr4qeCKOfO pa3Br4't4fl peruroHa. B nepraoAbl TeKTo-
HuqecKofr arrusr43ar\vry B pe3yJrbrare npoHr,rKHoBeHr4.q no 3oHaM Ilepeceqe-
Hkrfl pasrroMoB TepMarbHbrx pacTBopoB:, B nopoAax [por4cxoI.ulrkr npoueccbl
rrrAp orepManbHoro Mr{Heparo 6p a3 oB aHr4 fl vr HaKorIreHI4fl yrreB oAopoAoB.
flpo4yxrr4BHocrb y3iroB nepeceq eHvrfl pa3JroMoB, BAorb Koropblx o6rtquo
rrpor.f,fr{Barorcfl r4ApofeoxzMHr{ecKr4e 3oHbr, MoxHo c ycflexoM npol4Jlr}o-
crpr{poBaTb npocTpaHcrBeHHbrM rroJroxeHr,reM z3BecTHbIX MecropoNAeuufr
v pyAorrpo.sereHufi perr4oHa. Tar, lloxpono-KnpeencKoe MecropoxAeHl,Ie
pacilorox(eHo Ha nepeceqeHr4rr lONuo-loHerlKoro n EraH.{zx-PoBeHbKoB-
cKoro pa3roMon; Hr.rrcuroBcKoe pyAHoe rroJre - B TeKToHr,rqecKoM y3re, o6pa-
3yeMoM I]eHrpanrHo-!ouerlKr4M 14 Aoneqxo-KaAueecKr.rM pa3roMaM14;
{pyNrcoecKo-KoHcraHTr{HoBcKoe u CnasflHcKoe pyrorpo flBrrelunfl, - Ha re-
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pecer{eHr4r4 Kept{eHcKo-CJraBflHcKofi goHrt c pa3JroMaMI4 ceBepo-3arlaAHoro
HanpaBneHIdfl.
B rpeAerax paccMarpr4Baenaofi Teppr{roplll4 Bocro.IHofr .uacrkr luen-
poBcKo-floHeqxoro aBraKoreHa BbrAerqlorc-fl cneAyrotul4e rlrAporeoxl4Mt{r{e-
cKr4e y3Jrbr: llerpoecrcufi - Ha Irepecer{eHlIl4 soH A-A', il-A u 3-3; Kopynl-
cxufi - Ha nepeceqonvrur goH A-A n E-E; fanpunoecxufi - Ha ilepeceqeHvrvr
sou E-E z 3-3 ; Clanxucxu,fi - Ha ilepecer{eHr.rr{ 3oH E-E rz E-E ; Kpenreucxoil
- Ha rrepecerreHnr4 3oH A-n u x{-X ; Ilucvtuaucxzfi - Ha ilepeceqeHau soH B-
B'n x{-xt;Anuasur,tfi- sa repeceqe:nkrzt goH E-E u Xt-X'; Myruxeroscxzfr -
Ha nepecerreHur.r soH B-B u3-3; IOxurrfi - ua ilepeceqenvrvr gon f-f' u3-3'.
fra4poreoxr4Mr4rrecKr4e aHowarrr4r4, Sopurapyroul4ecfl B HI4x, orruqalorcq
etrcoxofr KoHTpacrHocrblo 14 o6runpuuna KoMrIJIeKcoM HKpoSreMeHToB,
HaxoAflu{r.rxcfl B rroA3eMHbrx BoAax B rroBbrrxeHHblx KoHueHTpauu.flx. OHra
coB[aAa]oT c feoTepMr4qecKr4Mr4 aHoMarrrlfMrl u yqaaTKaMI4 pocTa KyrIoIb-
HbIX CTPYKTYP, I{TO YKA3bIBACT HA TCKTOHI4I{CCKYIO AKTI,IBHOCTb PA3JIOMOB
rny6uunoro 3aJro)KeHr4.fi B Mecrax r4x ilepecer{eHl4t 14 B coBpeMeHHblfi nepu-
oA.
B orruqr4e or rr{AporeoxrrMr{rrecKr,rx 3oH nporHo3Hble y3rbl uueer 6o-
ree qerKvro cileuvarrkgarrwo fta6t 5.7).
Ta6wrua 5.7
I- e oxr.r nr uq e c K a-fl c n e rI 14 arl r4g a\r4fl Irp o r H o 3 HrIX










Koovmcr<zfi Hg,  As.  F:  Zn.  Pb.  Ba Pryru o - n o.nr{MeraJ'IrI4r{ ec Ka.s
faspuroecxrafi Hg,  As,  F ,  B;  Zn,Pb,Ba PryrHo- n o,r h M eraJl JI 14 qec Kafl
Craequcxrfr Hg,  As,  B,  F;  Zn,Pb,Ba, PryrHo - nor hM eraJI JIrrrI ecKat,
vpaHoBaq
Kpeueucxofr CHa Iz Ap. yrneBoAopoAbl,
J. Br. B
VrrtesoAopoAHa.s
Jlucw\aHcxurt Hg, B; Pb, Ba; Br, B, J, CHa
( f a 3 )
Pryru o- n o Jrr4M eraJrJrI4qe cKaq,
yfneBoAopoAHat
Anva:urrfi Cu, Ni,  As, Br, B, J Me4uaa, yrneBoAopoAHaq
MvurxeroecKrlfi Cr, Co, Ni,  Ti,  Zn,Mn, Zr Kr.rna6eo:rvroBafl
IOxurrfi Hg, As, F; Zn, Ni,  Cr, Fe,




Taxunr o6pasonr, Ha ocHoBe ruAporeoxl4Ml4qecKoro ilporHo3l4poBarrr4fl,
B perr4oHe Mo)KHo rrpoBoAr4Tb nolrcKoBo-pa3BetroqHble pa6orr,I Ha pa3rl4q-
Hbre Br4Abr noJre3Hbrx r4cKolaeMbrx. llp, 3ToM nocrleAoBareJlbHocrb nocra-
HoBKr4 pa6or AoJrxHa 6trrt cretryloruefr: ru4poreoxr'IMt{qecKple y3rbl, ilpo-
rHo3Hbre yqacrKu I-ir,,Il-ir 14, HaKoHeu, III-fi oqepeAl4. OAnaro 3To He o3Ha-
qACT, IITO fI,IAPOfCOXUMI,IqECKI4C AHOMAIITI'\ B ilPCACJIAX KOTOPbIX HC BbIAC-
JreHbr rrporHo3Hbre yqacrKr4, He cJreAyer npI4HI4Marb Bo BHI4Ma:nlaI. Hanpo-
Tr{B, HeKoropbre r.r3 Hr4x ilpr4 rerarbHoM u3yr{eHwvr Moryr oKa3arbcs sau6o-
ree rpoAyKTr4BHbIMI4.
AHalrag ilp aKTr4rr ecKr4x p e3yrrbraro B rr4Ap o re oxI4M I4q e c Ko ro np o rH 03 I,I -
poBaHpr-f, yKa3brBaer Ha ro, rrro HanpaBrreHple ro B lon6acce z NIB B AaJIb-
uefruretr AorxHo orrpeAeJrflTbcfl BbrflBJreHHeM ApeBHLIX oqaroB pa3rpy3Kl4
frrAporepMaJrbHbrx pacrBopoB Ha ocHoBe creAyrotlll4x IIprr3HaKoB :
1. llpuypor{eHHocrb rr,rApofeoxr4Mr4r{ecKr4x aHoMarl{fr x :osaM Aonro-
)Kr4Byrqux pa3roMoB.
2. BrrcoKa.fl KoHTpacrHocrb rr4AporeoxuMr.rqecKl4x aHoMaJII4ft Ia norso-
Ta B HLrx accouuaqufi o:reueHToB-HHAI4KaropoB.
3. AsouarbHo-[oBbrrrreHHbre KoHrleHTparlwrr B Botre ?HAoreHHbIX ra-
30B.
4. llpocrpaHcrBeHHoe coBnaAeHr4e fr4Aporeoxl4MzrlecKl4x aHoMa wti,t c
feorepMuqecKuMt{, feoxHMHr{ecKI4MI4:, f}lApoAHHaMI4LIeCKr.IMr.I, reOQZ3I4r{eC-




OoprvrrapoBaHr.re r 4Aporeoxr4Mr{rrecxofi 3oHarbHocrl4 B lnenponcKo-
loueur<oM aBJraKoreHe orrpelenflercfl, TeKToHI4r{ecKLIM pa3BvrrlreM reorofll-
qecKux crpyKryp.
B uorpy)Kaloulr4xc-fl Me3o3oficxux cr4HKJrr4Harrflx ua rny6r4Hax go 800-
1000 M cBepxy BHr{3 Sopurapyrorcfl rpecHbre rr4ApoKap6oHarHo-KaxbulI-
eBbre (ir,rarHlreesre) H rrrApoxap6ouarHo-cyxrSarHrte BoAbI, Koropble B Bep-
rr4KaJrbHoM pa3pe3e cMeHflrorc-f, cyruSarHo-xJropr{AHbIMr{ (xropraAHo-
cynrSarurrnru), rr4ApoKap6ouaruo-(xnopr,r4uo)-Harpl4eBblMl4 vr xropr{trHo-
HarpneBbrMrr (r<anrqneetruu) BoAaMH pa3rr4rrHoro reuegl,Ica. B pacryllrl4x
NregogofrcKl4x aHTr4KrII4HarItx HeoreKToHr4rrecKaq aKTI4BI43arJr4fl, KoHTporl4-
pyrcur4x r{x pa3rroMoB rrpr4BoAHr K Ae3r4Hrefpaul4l4 BoAOyIIOpHbIX TOJTIU I4
pacKpbrrr4lo rpeur,rH:, rro KoropbrM KoHBeKTT{BHbIe rIoroKLI uy6uuublx BoA
ycTpeMxqroTcfl rro fr4Apo4vrHaM[r{ecKr4 oTKpbITbIM pa3pbIBHbIM HapyuIeHHflM
K [OBepXHOCTr4.
B noAHHMarorrIHXc.fl lurocQepHbrx Sroxax rareo3oficxoro Bblcryra
{ou6acca MaJroMr4Hepanil3oBaHHbre rr4ApoKap6osaruo-KanburreBble (nrar-
uraenrre), rr4rpoKap6ouarHo-cyJrb$aruue r,r cynrSarHble (cueruaHHoro Ka-
rr4oHHoro cocraBa) ro4rr pacilpocrpaH.flIorcfl, Ha r:ry6unrr 500-700 u ra 6o-
Iee, a B onycKaroilIuxc_q - BblTecH,flroTc_fl BBepx frJroTHbrMI4 HarIopHbIMI4 XJIO-
ptrAHo-HarprreBbrMr4 BoAaMV kr paccoJraMr4, BocxoAflrla-fl pa3fpy3Ka KoTopbrx
B BepxHI4e BoAoHocHbre fopr43oHTbr npor4cxoAr4T rlo 3oHaM TeKToura.{ecxofi
Tp e ilIr4 H o B aro crr{ 14 M ex{6 r o x o e rIM p a3 r o M aM .
flocrpoeHHbre cxeMbr Qopuup oBaHr4fl, rr4Aporeoxr4Ml,Iqecxofr 3oHaJIb-
HOCTT{ rrO3BOJrr4Jrr.r He TOJTbKO Kaprr4poBaTb 3OHbr fr{ApoII4HaMUqeCKI{ OTKpbi-
Tbrx pa3JroMoB, Ho r4 ilpofHo3r4poBaTb MecropolK4eHkrfl nore3Hblx I4cKorlae-
MbIX.
flprauqnrr{aJrbHoe 3Har{eHr4e r4Meer 14 pa3pa6orxa uo4erefi @opuapo-
BaHLrfl r4Aporeoxr4Mr4rrecKr4x aHoMaJrr4fi, uro rro3Borllro o6ocHoBarb ux re-
Herr{r{ecKyro xnaccu$r4Karlu}o' B ocHoBe Koropofi - HarlpaBreHHocrb rlpo-
ueccoB rerrrroMaccorepeHoca B rroA3eMsoir ruApoc$epe. flpranHoc 3HAof eH-
Hbrx Snrou4oB B BepxHr4e BoAoHocHbre ropr43oHTbr rrpr4BoAI4T x o6pa:oBa-
Hr4ro zunozeHHbtx rr4ilpofeoxuMnr{ecKr4x aHoMarruit, rrpercraBrlflIolul4x co6ofi
nepBur{Hrre rzAporeoxrrMrrr{ecKr4e opeorbr paecerHvrfl rIpoAyKToB rnyduu-
uofi reHepaur4r4, a BbrHoc Kr4cJropoAcoAep)KauJvrMr4 nnQnnrrpaul4oHHblMl4
BoAaMr4 Beu{ecrB a u3 BoroBMeurarouux ropoA o6ycranrl,rBaer QopunpoBa-
Hr4e zunepzeHHbtr (eropu.rurrx) rr4Aporeoxr4MuqecKrrx aHoMarr{fi. Bruere-
Hbr KoMfrJreKcHbre KpvTepr4r4 feHeTr4r{ecKofo pa3AeJreHufl fHlpofeoxl4Ml4qe-
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cKr4x aHoMaruft, ocnonaHHbre Ha orTpeAeJIeHI4I,I np[poAHbIX zcroqHplKoB ro-
cryrrrreHy1fl xL4Mvrr{ecKr4x 3JreMeHToB I4 coeAzHeuuit s iloA3eMHble BoAbr. 3ro
cyuIecTBeHHo noBErcr.rJro AocToBepHocTb HHTeprIpeTauI4I4 pe3yrbTaToB fI{I-
p ore oxr4 Mr.Iq e cKHX I4c c reA osa:nwir.
B 4peeurrx rroJrr4xpoHHbrx rr{AporepMaJrbHblx cucreMax [HenpoBcKo-
!,oueUxoro aBJraKoreHa ilpo[cxoArr rrpoqeccbl, yKa3blBarouue Ha rralrkrqve
coBpeMeHHofo TenJroMaccoilepeHoca, r{To no3BoJIteT BbIAeJIIITb B I4X feOIO-
rr4r{ecKofi oeomo rJvwr nocmzudpomep.nnanbHatil gran pa3Bvrrzrfl . Ha ocuosa-
Hlrr4 MHoroqucreHHoro QaxruuecKoro Marepl4aiIa rloKa3aHo, r{To Ha yqacr-
Kax HeoreKToHIaqecxofr aKTr4Bpr3arryvr 3oH perl4oHarbHblx pa3rloMoB, KoH-
Tporripyrorqprx rr4gporepMaJrbHbre cprcrentrr lueilpoBcKo-Aoneqrcoro aBJIa-
Ko re Ha rp oucxoAr4T B o cxoArrrra-fl p a3rpy3 Ka B oA rny6 oxoro Sopnr trp oBaHLrfl ,
3HAOfeHHbrX fa3OB U TerrJrOBOfo rroToKa, r{To cBI4AeTeJIbcTByeT o rlocTfllApo-
TepMarbuofi rerroHprr{ecrofi arruBrnarrr4vr IpeBHI4x rI4AporepMaJrbHbIX cl4c-
TeM Ha coBpeMeHHoM 3Tarre r4x reoJrorr4qecKoro pa3Brrrr4fl. BttAe:reHl4e B
3BOrrOUr4r4 fr4ApOTepMaXbHbrX CrrcTeM IIOCTfI4ApOTepMaIIbHO|O 3TaIIa pa3BI4-
Tr1fl rro3BoJrr,rro BbrflBr{Tb ApeBHr4e Aoxfox}.IBytIII{e oqafz pa3fpy3KlI MHHe-
paroo6pa3yroilIr4x pacrBopoB, -f,Bir-f,lorquecfl. ocHoBHblnlz o6teKTaMI4 rlol4c-
KOB CKpbrrOfO OpyAeHeHVrfl, B pefl{oHe.
B duenponcxo-foHeuKoM aBraKoreHe cpopMI4poBaHLIe rl4AporepMarb-
Hbrx Mecropoxtreunfr pryrr4 ra Qnroopr4Ta npor4cxoAl4rlo Ha flocrecKxaArra-
Tbrx 3Tarrax Me3o-Kafiuosoficxofi TeKToHoMarMarl,tqecxofi aKTHBI43a\r4vr B
3oHe KoHTaKTa repMarrbHbrx Mr4HepaJroo6pasyrcuux pacrBopoB c xorIoAHbI-
nnra rauS urrbrp aur4o HH;IMI4 B oAaMI{.
@opuupoBaHr4e 6o:rtuuHcrBa rHIporepMaJIbHbIX MecropoNAeHufr
rrpor4cxoAr,rro, cKopee Bcero, Ha nnar$opMeHHoM 3Tane reorort{r{ecroro
pa3Br{Tr4fl perr4oHa u 6auto cBfl3aHo, coorBercrBeHHo, c Jlapananficxoil t Ho-
BoKr,rMMepuficxofi Sasanrz reKToHo-MarMaruqecxofr aKTLIBu3ar\r4vr nareo-
sofrcxzx rr4AporepMarrbHbrx cr4creM, conpoBox{AaBilrl4xcq [oAT,eMoM Kopo-
Bo-MaHTnfiuux ulenor{Hbrx xropr{AHbrx Snrou4oB Iro rIoABoA-sruIlM pa3no-
MaM. Pesxoe r43MeHeHve r$uzuKo-xr,rMr4rrecKprx ycttovvtfi, HX III4pKynfluvrvr B
3oHe rr,rnepreHe3a rrpr4Beiro r< o6pasoBaHl4lo MHoror{I4cJreHHbIX reoxrlMl4qe-
cKr4x 6aprepoe (remneparypHbrfi, naponofi, tqerorlHo-Kl4crorHstfi ra AP.). ro-
ropbre odycraerzrBarv BbrrraAeHr4e BeruecrBa r4s MuHepaJloo6pasyrcurux
pacrBopos. Hav6o:ree MouIHF,re v cra6utbHble 6apreptr Bo3HHKaJIU Ha KoH-
TaKTe 3HAoreHHbrx rr4AporepM c xoJrorubruu uHSI4JIbrpauI{oHHbIMI4 BoAa-
Mrr, rAe ra $opnrvrpoBarocb, B ocHoBHoM, rr.rtrporepManbHoe opyAeHeHl{e KI4-
HoBapr4 (HraxraroBcKoe pyAHoe nore), S,rroopura (llorpoeo-KupeeBcKoe
Mecropox4eHue) vr rpyrvrx MnHeparoB. llapanterpbl opyAeHeHLIq (pa:tteptt,
t96
rny6r4Ha, r,rHTeHcuBHocrb r4 T.il.) oilpetrenfl]Iltcb) c oAHofr cropoHbl, TepMo-
3HepfeTur{ecKr,rMH rroTeHur,raraMu fr{ApoTepMaxbHblx cr{cTeM, a c Apyfofr -
fHfrcoMerpr4qecKr,rM frorro)KeHueM rr cTe[eHb]o pacKpbITocTI4 pyAopacnpeAe-
JIS}OIUZX KAHAJIOB
MorerupoBaHr4e lrpoueccoB QopurapoBaHpI-f, rl4AporepMarbHblx Me-
cropo}I(A eHr4kr Aaxo Bo3Mo)KHocrb oueHlrTb Mr{HepafeHl4r{ecKyro porb BoAbI,
a raKx{e BbrqcHprrb rrpocrpaHcrBeHHoe rroJroxeH4e v reoJlorl4.recrcufi Bo3-
pacr opyAeHeHlrfl.
Kpurepun rr4Aporeoxr4MurrecKr4x rrolrcKoB rry6oxo3arerarouux Me-
cropoxrtr euvrfr, npr4BeAeHHbre B MoHof padvu, rro3BoJr-flror uau6oree o$Sex-
Tr4BHo rrpoBoAlrrb reorroropa3BeAorrHbre pa6oru n cKraAr{arblx pervoHax,
c S opuup oB aBrrrr4xc-fl B Ap eBHHX plaQronux crpyKryp ax.
Ha ocsoBaHtrr4 r43yr{eHr4fl rr4rporeoxrrMr4rr pyAHbrx norefr ycraHoBre-
Hbr Kpr{Tepr4lr rTor,rcKoB rny6oxo3aJrerarorrrux Mecropoxresufi, cpeAl4 Koro-
pbrx:
- KoHTporrb rrrAporeoxr4MprrrecKr.rx asouarufi 3oHaMr4 pa3pbIBHbIX
TeKTo Hr4qecKr4x napyureuufi ;
- aHoMaltutrfi xznrnqecxxfi cocraB [oA3eMHbrx BoA rr :g'alrLr-q^ve B
HI4x accouuaqufi xzMr'rqecKI,IX 3JIeMeHToB:, yKa3blBarournx Ha Bo3MolI(Hoe
H AIHIII4C P A3 NI4LIHbIX TIO JIC3 HbIX 14 C KO II ACMbIX ;
- rroBbrrrreHHbre KoHueHTparr4u pacrBopeHHbrx u ceoSoAHbIX ra3oB;
- Bbrc oKrle IIbe3 o M erpl4rre cKI4e ypoB HI4 B oAbI ;
- HeoreKTo Hr4r{ecKafl aKTr4B Ho crb f r4Ap of eorof r.rqecKr4x crpyKTyp ;
- BbrcoKafl Harlp-sxeHHocrb feorepMl4r{ecKofo iloJl-q;
- fr4ApoTepMaxbHbre r43MeHeHI4fl B ilopoAax.
B ocuoey rrrAporeoxr4Mr.rqecKoro rrporHo3r{poBaHl4f aBTopoM rlorox(e-
Hbr crreAyloilIr4e 3aKoHoMepHocTr4 :
- uau6oree nepcrreKTrrBHbre Arq rror4cKoB fr4ApofeoxuMl4r{ecKl4e aHo-
Marnlv coBrraAaFoT c ApeBHr,tMr4 or{afaMr4 pa3fpy3Kl4 fI4trpoTepMaIbHbIX pac-
rBopoB;
- oSpasoBaHr.re KoHTpacrHbrx rr4Aporeoxr4MnrrecKr{x opeoJloB paccefl-
Hprfl HaA rnyb oxo3 areralo uIr4MH Mecrop o xleHrl-qMr4, pyAoilp oqB JIeH krflMvr v
3OHaMr4 Mr4HepaJrVr3ArJr4Ll ilpOr4CXOIr{T He rOrbKO B ilpOAyKTr{BHbIX TOIIUIaX,
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